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Atrial fibrillation (AF) significantly increases the 
risk of left atrial (LA) thrombus and systemic 
thromboembolism.1-4 Screening transesophageal 
echo (TEE) to rule out left atrial thrombus has be-
come standard of care over the years.5 Convention-
al thinking of therapeutic anticoagulation for 4-6 
weeks prior to cardioversion may not reduce the 
risk of left atrial thrombus completely. Left atrial 
thrombi can be seen on 2-9% of screening TEEs in 
AF patients with various levels of anticoagulation.5 
Radiofrequency ablation of atria with pulmonary 
vein isolation (PVI) with or without various ad-
ditional ablative techniques has evolved into very 
important strategy in the treatment of patients with 
AF.6-10 Even though the relative risk of systemic 
thromboembolism after non TEE guided cardio-
version after 3 weeks of anticoagulation remains 
lower (approximately 0.8%) despite 7% prevalence 
of LA thrombi, the same may not be applicable to 
invasive treatment modalities like AF ablation.6, 11-13 
The presence of LA thrombi may increase the risk 
of clot dislodgment and subsequent thromboem-
bolism with catheter manipulation during AF abla-
tion and is considered to be an absolute contrain-
dication.

In this issue of JAFIB, de Bono et al try to assess 
the risk of LA thrombi prior to AF ablation.14 It 
was a retrospective study that looked at 244 pre-
procedural TEEs in 148 consecutive patients who 
underwent AF ablation at their institution. After 
therapeutic INRs for 4weeks and warfarin holding 
3 days prior the ablation, 4 out of the 244 screen-
ing TEEs showed LAA thrombus at 1.6%.

Two out of the four patients met the criteria for 
high thrombogenic risk with depressed LV func-
tion, persistent AF, severely dilated LA, prior 
transient ischemic attacks. However, the other 
two had paroxysmal AF with CHADS2 score less
than or equal to 1 and a high AF burden. Based on 
their low risk profile the latter two patients would 
not have been bridged with low molecular weight 
heparin (LMWH) or heparinoids by conventional 
wisdom. This is a very small study with intrigu-
ing findings. It raises an important question if ev-
ery patient should undergo preprocedural screen-
ing to rule out left atrial thrombus.

There are three vulnerable time periods that in-
crease the risk of periprocedural thromoembolism
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during AF ablation. Preprocedurally, persistence 
of LA thrombi despite conventional anticoagula-
tion or formation of a new thrombus during the 
warfarin free interval prior to the ablation, if un-
detected can add to the risk of thromboembolism. 
Intraprocedurally, thrombus formation on the 
transseptal sheaths and catheters and coagulum 
formation at the ablation site due to protein de-
naturation can result in thromboembolism. Post 
procedurally, endothelial denudation and exten-
sive left atrial ablation and LAA stunning from 
conversion to sinus rhythm can promote throm-
bus formation.

Even though the incidence of clots in patients 
without the thrombogenic risk factors is low 
(1.1%) it is still not zero.14, 15 It raises the possibil-
ity of clot dislodgement as the cause of systemic 
thromboembolism in at least some of these pa-
tients periprocedurally. In our ongoing efforts to 
make AF ablation safer, attention should be paid 
to this period of warfarin free interval where there 
is small but real risk of thrombus formation.

Pre ablation CT scans are usually obtained for as-
sessing the LA and pulmonary venous anatomy, 
integration with 3D electroanatomic mapping and
as a baseline for assessing the progression of PV 
stenosis. These CTs also provide valuable infor-
mation about the status of LA thrombus. From a 
registry of 1221 patients from the Cleveland Clin-
ic’s AF ablation program, 9 patients had findings 
suggestive of LAA thrombus on preablation CT 
scan but only 3 of them were confirmed by a TEE.16 
All of the 3 patients had predisposing factors that 
increased their risk of thrombus formation includ-
ing – chronic AF and low left ventricular ejection 
fraction. No thrombus was seen in patients with 
paroxysmal AF and normal LVEF.

Recently, Patel et al have shown that LAA/ascend-
ing aorta Hounsfield Unit (HU) cut off ≤ 0.75 on 
the preablation CTs correlate to LAA thrombus 
and dense non clearing spontaneous echo contrast
(SEC) with high sensitivity (100%) and moderate 
specificity (72%).17 CTs also have a low positive 
predictive value (29%) with a very high negative 
predictive value (100%). So in patients who un-
dergo preablation CTs, a LAA/Ascending aorta 
HU ratio > 0.75 may preclude the need for prepro-
cedural TEE suggestive of the absence of a LAA 

thrombus. Unless these CTs are done within 24 
hours of the ablation, the brief hiatus of no war-
farin period before ablation can still continue to 
be a challenge with propensity to clot formation. 
This can be addressed by performing ablation on 
therapeutic INRs avoiding the warfarin free pe-
riod prior to the ablation.

Wazni et al reported the superiority of uninter-
rupted anticoagulation with warfarin in decreas-
ing the risk thromboembolism without increasing
the risk of bleeding compared to full dose and half 
dose subcutaneous LMWH bridging after stop-
ping warfarin prior to ablation.18 But one has to 
be cautious in interpreting these results as this ex-
perience is limited to a very high volume tertiary 
care center with operators on the higher end of 
the learning curve and those patients with parox-
ysmal AF. Replication of similar results in other 
groups of patients in low volume institutions with 
operators on lower half of the learning curve can 
answer a lot of questions that surround the peri-
procedural anticoagulation.

On the other side of the coin, there are anecdotal 
reports of very long and tortuous LAAs in which 
thrombus may not be detected on TEEs due to 
portions of the LAA being out of plane. CT scans 
may perform better in detecting thrombus in these
oddly shaped LAAs.19 In this issue of JAFIB, a fea-
tured review article by Mears et al highlights the 
current state of anticoagulation and bleeding re-
lated issues in a very comprehensive fashion.20

In the absence of significant risk factors it is still 
hard to justify a preablation TEE in every patient 
from a cost effectiveness and patient comfort 
stand point. The risk of atrial stunning and pro-
pensity to thrombus formation in patients who 
have a very high daily burden of paroxysmal AF 
may be similar to those with persistent AF. Anti-
coagulation strategy in this subset of paroxysmal 
AF patients should be on the same lines as those 
of persistent AF. Efforts should be made to utilize 
the preablation CT data to effectively screen pa-
tients. To conclude this study does make a good 
point for the possibility of LAA thrombus in un-
suspecting cases of paroxysmal AF. However, the 
overall incidence of thrombus is much lower than 
the prior reported series, especially in those who 
are deemed to be low risk. The presence of high 
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AF burden should be considered as a risk factor 
for higher thrombogenecity. The subset of patients 
with paroxysmal AF and well preserved LVEF, 
low to moderate AF burden and non severely di-
lated LA need to be further studied before any 
definitive recommendations can be made on the 
need for routine preablation screening TEE.
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Atrial fibrillation is a common cardiac arrhythmia. 
It is well known to occur in older patients with co-
morbid conditions such congestive heart failure 
and ischemic heart disease.1-3 In these otherwise 
sick individuals it is associated with higher long 
term morbidity and mortality.4

In their paper published in the February issue of 
JAFIB, Dr. Barrios and colleagues further examine 
the association between atrial fibrillation, classical 
coronary risk factors, proven cardiovascular pre-
ventive therapies and end-organ damage in 2024 
patients with documented hypertension and coro-
nary heart disease. Patients were stratified as hav-
ing or not having atrial fibrillation according to the 
baseline 12-lead ECG which was also used to derive 
heart rate. The presence of end-organ damage was 
coded based on clinical history. Overall about 17% 
of the patients had atrial fibrillation. These patients 
were generally older with an equal prevalence be-
tween genders, contrary to male predominance re-
ported in other studies.1 Patients with atrial fibril-
lation had a somewhat lower ejection fraction and 
were more likely to be sedentary and diabetic and 
less likely to suffer from dyslipidemia. Many more 
of these patients had left ventricular hypertrophy, 
congestive heart, peripheral arterial disease, renal 
impairment and history of stroke. Their heart rate 
was generally faster than that of the sinus rhythm 
patients. According to their risk profile, more of the 
atrial fibrillation patients were anticoagulated and 
treated for diabetes and fewer were treated for dys-

lipidemia. The likelihood of being on a diuretic, 
ARB or alpha-blocker was higher among patients 
with atrial fibrillation. Surprisingly few patients 
in the registry had good control of their risk fac-
tors with little appreciable difference between pa-
tients with and without AF. The authors then did 
an interesting analysis further stratifying patients 
with atrial fibrillation into cohorts based on heart 
rate <63 bpm, 63-82 bpm and >82 bpm. The com-
parison between sinus rhythm patients and those 
with AF among patients with baseline heart rate 
> 82 bpm parallels main study findings. On the 
other hand, the comparison between AF patients 
stratified by heart rate reveals several interesting 
findings: higher heart rate seemed associated with 
current smoking status, left ventricular hypertro-
phy, higher blood pressure and less adequate 
blood pressure control, lower use of beta blockers, 
higher use of calcium channel blockers and to a 
lesser extent, history of peripheral arterial disease. 
Since no outcome measures are reported, it is im-
possible to comment on the association between 
atrial fibrillation and cardiovascular mortality in 
this study.

All in all this study re-iterates the well-known 
association between atrial fibrillation and cardio-
vascular disease. The findings suggest better rate 
control in AF patients treated with beta-blockers 
compared to calcium channel blockers as well as 
a good association between heart rate and blood 
pressure control in these patients. As many other 
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epidemiologic studies of chronic disease manage-
ment in the real world, Dr. Barrios et al re-empha-
size the importance of better adherence to clinical 
practice guidelines and focus on cardiovascular 
risk control.
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Introduction

Left atrial (LA) ablation is now a key therapeutic 
option for the treatment of symptomatic, drugre-
fractory paroxysmal and persistent atrial fibril-
lation (AF). Although a variety of techniques are 
used, all involve extensive manipulation of cath-

eters within the LA and widespread ablation us-
ing either radiofrequency energy or cryoablation.1  

Periprocedural cerebrovascular accidents (CVAs) 
are a recognised complication. Clinically signifi-
cant neurological events occur in around 0.5-1% 
of patients, but the incidence of silent embolic 
events is likely to be much higher.2-4 The presence 
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Abstract

Background: One of the recognised complications of left atrial ablation for atrial fibrillation (AF) is 
stroke. Left atrial (LA) thrombus, which may be dislodged by catheter manipulation, is an absolute con-
traindication to ablation. It is unclear whether imaging of the left atrial appendage (LAA) by transesoph-
ageal echo (TEE) is mandatory to exclude LA clot prior to ablation, particularly in “low-risk” patients 
with paroxysmal AF and normal left ventricular (LV) function.
Methods and Results: We carried out a retrospective analysis of pre-ablation TEE in patients present-
ing for ablation of AF. Images from 244 ablation procedures carried out in 148 patients were examined, 
including 106 patients with paroxysmal AF and normal LV function. Despite at least 4 weeks of pre-
operative therapeutic anticoagulation with Warfarin (INR>2.0), LAA thrombus was identified
in 4 patients (2.7% (0.1-5.3%)). These included 2 patients with paroxysmal AF and normal LV function, 
although both had a high arrhythmia burden. The thrombi regressed with intensification of anticoagula-
tion.
Conclusions: Pre-operative imaging of the LAA remains advisable to exclude thrombus prior to abla-
tion for AF even in patients with paroxysmal AF and normal LV function, especially if there is a high AF 
burden. 

Key words: Left atrial thrombus, catheter ablation, atrial fibrillation, transesophageal echo
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of LA thrombus is an absolute contraindication to 
manipulation of catheters within the LA.1 AF is as-
sociated with the development of LA thrombus, 
particularly in the left atrial appendage (LAA), 
which can be visualized by transesophageal echo-
cardiography (TEE).5

A number of strategies have been developed to 
reduce the incidence of peri-procedural stroke 
in patients undergoing ablation for AF.1,6 These 
include routine anticoagulation of patients for at 
least one month prior to ablation and routine TEE
immediately prior to the procedure to rule out the 
presence of LAA clot. It is not known whether TEE 
should be mandatory in all patients, particularly 
if they have been therapeutically anticoagulated 
prior to admission, or whether it can be restricted
to high risk patients.7 We carried out a retrospec-
tive study to identify the incidence and predictors 
of LAA thrombus in patients presenting for LA 
ablation of AF despite four weeks of therapeutic 
anticoagulation to determine whether pre-opera-
tive TEE should be recommended in all patients 
or only those deemed to be at high risk.

Methods

A retrospective review of the medical records and
TEE findings in consecutive patients presenting 
for LA ablation of AF in our institution between 
December 2003 and November 2007. All received 
at least 6 weeks of anticoagulation with Warfarin 
prior to ablation aiming for a target international 
normalised ratio (INR) of 2.5. Following the load-
ing period, INR was measured weekly for at least
one month prior to admission. Any patient with 
an INR less than 2 during this period was exclud-
ed from the study. Warfarin was stopped 3 days 
prior to admission. All patients underwent a TEE 
on the morning of their ablation procedure. Proce-
dures were regarded as separate when there was 
at least a three month gap between procedures.

Following a bolus of 10,000 u intravenous heparin,
double transeptal punctures were performed with 
an Agilis (St Jude Medical) and SL0 sheaths (St 
Jude Medical) using standard techniques. Sheaths 
were perfused with heparinised saline at >100 mL/
hr to maintain an ACT of 300-350 s. A 3D map was 
created of the LA geometry using either NavX (St 
Jude Medical) or Carto systems (Biosense Web-

ster). A circular mapping catheter (Optima, St 
Jude Medical) was used to record electrograms in
the pulmonary veins. Bilateral wide area circum-
ferential ablation of the pulmonary vein antrum 
was performed in all cases with further ablation, 
including complex fractionated electrograms and 
lines, performed according to the patients clinical 
status at the discretion of the operator. Power was
limited to 30 W in the left atrium, except where 
a mitral isthmus line was being performed (max 
50W). Iv Protamine was administered at the end 
of the procedure and 4 hours following the proce-
dure a 100 IU/kg Dalteparin was administered and 
patients were reloaded with oral warfarin. Twelve
hours later 200 IU/kg Dalteparin was given. The 
same dose of Dalteparin was administered every 
24 hours until the INR was greater than 2.0.

The TEE images were reviewed independently 
by two experienced blinded echocardiographers 
for the presence or absence of LAA thrombus. In 
cases of disagreement, the images were reviewed
by a third independent echocardiographer; how-
ever in all cases where a definite thrombus was 
identified there was no disagreement between the
original reviewers. A thrombus was considered to 
be present if a mass detected in the appendage ap-
peared to be distinct from the underlying endocar-
dium, was not caused by pectinate muscles, and 
was detected in more than one imaging plane.8

The patients’ records were examined to identify 
risk factors for embolic events using the CHADS2
scoring system9 Atrial fibrillation was classified
according to the ACC/AHA/ESC 2006 guidelines 
and HRS/EHRA/ECAS consensus statement.1,10 
Where appropriate measurements are given as the 
mean +/- standard deviation.

Results

One hundred forty eight consecutive patients 
were studied who had undergone a total of 244 
LA ablation procedures for AF (median 1 per pa-
tient, range 1-5). The clinical details of the patients
are shown in table 1. Thrombus was identified in 
the LAA prior to 4 procedures (1.6%). The first pa-
tient was a 61 year old male with a history of non-
insulin dependent diabetes mellitus, impaired left 
ventricular (LV) function and a history of prior 
transient ischemic attacks (CHADS2 score 4). 6 
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months earlier he had undergone LA ablation for 
persistent AF. Following this he had suffered from 
recurrent episodes of paroxysmal AF and two epi-
sodes of persistent atypical flutter requiring car-
dioversion. At the time of his second procedure he 
was in sinus rhythm, but the ablation was aban-
doned following the detection of LAA thrombus 
by TEE. His Target INR was increased to 3. Three 
months later he was readmitted and TEE no longer 
showed LAA thrombus. 

Patient 2 was a 61 year old male with severely im-
paired LV function and a very dilated LA on trans-
thoracic echocardiogram (7.0 cm, CHADS2 score 
1). He had undergone two previous cardiover-
sions for recurrent persistent AF. He was in sinus 
rhythm at the time of his ablation procedure, but 
TEE showed LAA thrombus and the procedure 
was abandoned. Intensification of his anticoagu-
lation regime (target INR 3.0) led to a significant 
reduction in size of the thrombus, but even with 
further increases in anticoagulation (target INR 
3.5), a filling defect persisted in the LAA and we 
were unable to exclude persistent LAA thrombus.

He was referred for a surgical maze procedure.

Patient 3 was a 63 year old male with normal left 
ventricular function whose only risk factor for 
thromboembolism was hypertension (CHADS2 
score 1). He suffered from recurrent paroxysmal 
AF with frequent paroxysms lasting 2-3 days in 
duration despite treatment with amiodarone 
200mg daily and previously sotolol. He was in AF 
at the time of his TEE which showed LAA throm-
bus. His left atrial dimension of 4.6 cm (com-
pared to a mean LA dimension of 4.4 +/- 0.8cm 
for all patients with a CHADS2 score of 1). The 
thrombus markedly reduced in size with more 
intensive anticoagulation (INR 3.0) but did not 
disappear completely despite increasing his tar-
get INR to 3.5 for 6 months. He was also referred 
for a surgical maze procedure. Patient 4 was a 42 
year old female with no risk factors for thrombo-
embolic events (CHADS2 score 0) and normal left 
ventricular function. She had paroxysmal AF and 
spent a number of hours each day in AF. Prior 
to the procedure she was treated with flecainide 
100mg twice a day, following previously unsuc-
cessful treatment with sotolol. She was in AF at 
the time of her TEE which showed LAA throm-
bus. Her LA diameter was 4.1cm (compared to 
a mean of 4.0cm +/- 0.6cm in all patients with a 
CHADS2 score of 0). The thrombus resolved com-
pletely with increased anticoagulation and she 
underwent a successful ablation 3 months later. 
Those patients where TEE did not show any LAA 
thrombus proceeded to LA ablation (240 proce-
dures). Following ablation two patients suffered 
clinical cerebrovascular events. Both had low 
CHADS2 scores (0 and 1), but underwent exten-
sive left atrial ablation for persistent atrial fibril-
lation. Both patients recovered rapidly and were 
discharged with only minor neurological deficits 
within a few days of their ablations.

Discussion

In this study we have investigated the role of
TEE to detect LAA thrombus prior to ablation
for AF. Despite at least four weeks of therapeutic
anticoagulation prior to ablation, thrombus
was present in the LAA in 1.6% (95% confidence
intervals 0.1%-5.3%) of procedures (2.7% (0.03-
3.17%) of patients). Although two patients might
be expected to be at high risk of thrombus with
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Table 1

Clinical characteristics of patients undergoing 
left atrial ablation for atrial fibrillation. TEE - 

Transesophageal echo, TIA – Transient 
ischaemic attack

Patients 148

Procedures 244
Number of procedures with 
thrombus identified by TEE 4

Type of atrial fibrillation
Paroxysmal 107 (72%)
Persistent 36 (24%)
Long standing persistent 6 (3%)
Risk factors for thrombus
Age 55 +/- 10 (range 27-74)
Hypertension 43 (29.1%)
Diabetes 6 (4.1%)
Congestive heart failure 5 (3.4%)
Previous stroke or TIA 10 (6.8%)
CHADS2 score
0 94 (63.5%)
1 42 (28.4%)
2 8 (5.4%)
3 3 (2.0%)
4 1 (0.7%)



impaired LV function and either a massively dilated
LA or the presence of multiple risk factors
for embolic events, thrombus was also identified
in two patients with paroxysmal AF and a normal
left ventricular ejection fraction. The presence of
thrombus could not be excluded by the absence
of conventional risk factors for embolic events.
Previous studies have suggested that the risk of
thrombus in such patients with structurally normal
hearts and paroxysmal AF is so low as to
make TEE redundant.7 In our study 106 patients
had paroxysmal AF and structurally-normal
hearts yet there was still a 1.1% (0-3.1%) incidence
of thrombus. Redfearn’s survey of Canadian centres
showed a similar overall 1.1% incidence of
LAA thrombus in all patients presenting for ablation
of atrial fibrillation in centres where TEE
is routinely performed.11 However this survey
showed no apparent difference in the incidence
of embolic events with a strategy of universal
pre-procedure TEE compared to one of performing
TEE on selected high-risk patients. Khan et al
used CT to detect LAA thrombus in a large group
of patients referred for pulmonary vein isolation
with additional TEE in approximately half their
patients, including all those where LAA thrombus
was suspected from the CT scan. They identified
an incidence of LAA thrombus of 0.4% in persistent
AF and 0.14% in paroxysmal AF.7 However,
TEE was not performed in all their patients
and only patients undergoing solely pulmonary
vein isolation were included; patients where more
extensive ablation was planned were excluded,
which may explain the lower incidence of thrombi.
Both the patients in our study who had paroxysmal
AF and normal LV function had high AF
burdens with many hours of AF each day which
may have prevented any restoration of mechanical
function in the LAA during periods of sinus
rhythm, allowing thrombus to develop; however
studies of thromboembolic risk in medically-treated
patients have not shown differences between
patients with persistent and paroxysmal AF.12

Pre-existing LAA thrombus is not the only cause 
of thromboembolic events resulting from LA 
ablation.13,14  Ablation of the LA itself creates a 
thrombogenic environment, excessive tempera-
tures can lead to coagulum formation, whilst soft 
thrombus may also form within the LA during 
ablation.14 Despite universal screening for LAA 
thrombus two patients in this study had neuro-

logical events. Both these patients made a rapid 
and almost complete recovery. It is possible that 
the nature of the neurological events may differ 
considerably depending on etiology. In addition, 
although the presence of known LAA thrombus is 
a contraindication to LA ablation, the risk of em-
bolic events as a result of LA ablation in the pres-
ence of an undetected LAA thrombus is unknown 
and is likely to be significantly less than 100%. 
Thus failure to identify all LAA thrombi prior to 
ablation is only likely to lead to a small increase 
in overall event rates. As the incidence of embolic 
events in patients undergoing left atrial ablation is 
already low, it is likely that any attempt to use ran-
domised controlled trials to address the role of pre-
ablation imaging of the LAA would be limited by 
the extremely large numbers of patients required 
to adequately power such a study.

Although all the thrombi identified in this study 
reduced significantly in size with intensification of 
anticoagulation, in two of our patients a small re-
sidual thrombus remained in the LAA and TEE was 
unable to show conclusively complete disappear-
ance of clot. These observations are very similar 
to those observed by Benrhardt et al. who showed 
that in patients with long standing persistent AF, 
one year of anticoagulation reduced the size of all 
LAA thrombi but only led to complete resolution 
in 56% of patients.15 In patients with pre-existing 
thrombus therefore, even 6 weeks of continuous 
anticoagulant therapy prior to ablation could not 
completely exclude persistent LAA thrombus.

Limitations 

In the present study all patients received the same
anticoagulation regime with Warfarin being contin-
ued until three days prior to the procedure. Some 
centres continue Warfarin or use bridging heparin 
until the day of the procedure itself to reduce the 
risk of thrombus formation and it is possible that 
our patients’ thrombi may have developed in the 
short period prior to the procedure as the INR fell.6 
Continuing anticoagulation right up the day of ab-
lation using either Warfarin or heparin may reduce 
the risk of thrombus obviating the need for TEE on 
the day of the procedure. The incidence of persis-
tent thrombus using this approach has not been 
formally assessed. 
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Conclusion 

Even with prolonged therapeutic anticoagulation 
prior to ablation, LAA thrombus can still be iden-
tified using TEE in patients presenting for abla-
tion of AF who are apparently at low risk for this. 
The presence of paroxysmal AF, a normal ejection 
fraction and the absence of other risk factors for 
thromboembolism does not exclude the presence 
of LAA thrombus. Thus imaging of the LAA pri-
or to ablation is recommended in all patients un-
dergoing LA ablation for AF, particularly where 
anticoagulation is discontinued prior to the pro-
cedure even for a short period of time. TEE is cur-
rently the gold standard for imaging thrombus in 
the LAA, but increasingly other imaging modali-
ties are being used for this purpose including CT 
and MRI. Further studies are required to identify 
the optimal strategy to maximise both operative 
success and efficiency whilst minimizing the risk 
of complications.6
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Introduction

Atrial fibrillation (AF) is the most common arrhyth-
mia found in clinical practice. It has been estimated 
that about 2.3 million people in North America and 
4.5 million people in the European Union have par-
oxysmal or persistent AF.1 Moreover, this condition 
will likely increase in the following years due to the 
ageing of the population and a rising prevalence of 
chronic heart disease.2 AF doubles the mortality 

rate in affected patients and this condition is asso-
ciated with a greater risk of stroke and heart fail-
ure.3,4 Some years ago, the AFFIRM trial reported 
that the management of AF with the rhythm-con-
trol strategy offered no survival advantage over 
the rate-control strategy, and that there were po-
tential advantages, such as a lower risk of adverse 
drug effects, with the rate-control strategy. This 
study also emphasized the need of anticoagula-
tion regardless the strategy used in high-risk pa-
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Abstract

In this manuscript, the profile and clinical management of hypertensive patients with chronic ischemic 
heart disease and atrial fibrillation (AF) is examined and whether high heart rate is associated with a 
different profile is determined. CINHTIA was a cross-sectional and multicenter survey aimed to define 
the clinical profile of hypertensive patients with chronic ischemic heart disease daily attended in Spain. 
Blood pressure, LDL-cholesterol and diabetes control rates were established according to ESHESC 2003, 
NCEP-ATP III and ADA 2005 guidelines, respectively. Out of the 2024 patients, 338 (16.7%) exhibited AF. 
The group of patients with AF was older and with higher prevalence of diabetes, organ damage and car-
diovascular disease. Blood pressure (41.8% vs 34.5%, p=0.014) and diabetes (28.5% vs 20.9%,p=0.044) were 
worse controlled in patients with AF, with a trend to a lower control of LDL-cholesterol (31.2% vs 26.8%, 
p=0.093). When distributing patients with AF according to heart rate, except for smoking, left ventricular 
hypertrophy and peripheral arterial disease that were more frequent in those with higher heart rate, no 
significant differences were found in other risk factors or organ damage between groups. Blood pressure, 
glycemia and LDL-cholesterol were worse controlled in the subgroup with highest heart rate. In clinical 
practice, hypertensive patients with chronic ischemic heart disease and AF have a bad prognosis not only 
due to a worse clinical profile, but also due to lower risk factors control rates. In contrast with patients at 
sinus rhythm, higher heart rate was less related with a worse clinical profile in subjects with AF.
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tients.5 The results of AFFIRM were in some way 
surprising. Since the restoration of sinus rhythm 
improves the hemodynamic disturbances associ-
ated with AF,6 one might expect that this would 
reduce cardiovascular outcomes in this popula-
tion. As a consequence of the AFFIRM trial, many 
patients that would be suitable for electrical or 
pharmacological cardioversion were damned to 
persist on AF. Moreover, it is likely that some phy-
sicians have underestimated the true risk of AF, 
even with an underuse of anticoagulant therapy.7 

On the other hand, several epidemiologic studies 
have shown that high heart rate is an independent 
factor of cardiovascular and all-cause mortality 
in patients with hypertension or coronary artery 
heart disease.8-10 However, in patients with AF, the 
relationship between heart rates and adverse out-
comes is less established.11,12

CINHTIA (Cardiopatía Isquémica cróNica e Hip-
erTensIón Arterial en la práctica clínica en Espa-
ña) was a cross-sectional and multicenter survey 
aimed to define the clinical profile of hypertensive
patients with chronic ischemic heart disease at-
tended in daily practice across Spain. In this man-
uscript, the profile and clinical management of the 
patients with AF is examined. Moroever, whether 
high heart rate is associated with a different clini-
cal profile is also determined.

Methods

The methods and design of the study have been 
previously described.13,14 Briefly, a total of 112 in-
vestigators, all of them cardiologists, participated 
in the study. Each investigator was asked to in-
clude consecutively patients ≥18 years, male or fe-
male, with an established diagnosis of hyperten-
sion and chronic ischemic heart disease. Patients 
with an acute coronary syndrome within the three 
previous months were excluded. Chronic isch-
emic heart disease was defined as the presence of 
stable angina, evidence of myocardial ischemia 
assessed by stress tests, history of myocardial in-
farction for >3 months or previous revasculariza-
tion (surgery or percutaneous). The definitions of 
risk factors, organ damage and associated clinical 
conditions were performed according to ESH-ESC 
2003 guidelines.15 The presence of organ damage 
or associated clinical conditions was recorded 
from the patients´ clinical history. Sedentary life-

style was defined as the physical activity shorter 
than a 30 minute daily walk. The diagnosis of atrial 
fibrillation was made with the baseline electrocar-
diogram that all patients should have done to be 
included in the study. Adequate blood pressure, 
LDL-cholesterol and glycemic control rates were 
defined according to ESH-ESC 2003, NCEP-ATP 
III and ADA 2005 guidelines, respectively.15-17 Re-
garding heart rate, Diaz et al demonstrated that in 
the intervals <63 bpm; 63-82 bpm and >82 bpm, the 
differences in mortality rates were more impor-
tant, being more relevant in those with > 82 bpm.18 
As a result, we compared those patients with sinus 
rhythm >82 bpm vs those with the same heart rate 
but at AF and the clinical management of patients 
with AF according to the predefined intervals of 
heart rate.

Statistical analysis

The Chi-square test was used to analyze the rela-
tionship between categorical variables. Compari-
son of continuous variables between groups was 
performed using the Student’s t-test. A p-value 
<0.05 was used as the level of statistical signifi-
cance. Database recording was subjected to in-
ternal consistency rules and ranges to control 
inconsistencies/inaccuracies in the collection and 
tabulation of data (SPSS version 12.0, Data Entry).

Results

Sinus Rhythm vs Atrial Fibrillation (Table 1):

Of the 2024 patients, 1686 (83.3%) were at sinus 
rhythm and 338 (16.7%) had AF. Patients with 
atrial fibrillation were older, with more diabetes, 
organ damage and cardiovascular disease, while 
dyslipidemia were more frequent in patients with
sinus rhythm. More than a half of patients with 
AF were male, and this proportion was clearly in-
ferior to those subjects at sinus rhythm. Diastolic 
blood pressure and heart rate were higher in pa-
tients with AF. In this group, there was a trend to 
increased systolic blood pressure values. Concern-
ing to risk factors control rates, blood pressure 
(41.8% vs 34.5%, p=0.014) and diabetes (28.5% vs 
20.9%, p=0.044) were worse controlled in patients 
with AF, with a trend to a lower control in LDL-
cholesterol (31.2% vs 26.8%, p=0.093). Regarding 
treatments, a higher number of drugs were pre-
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scribed in subjects with AF (93.6% of patients 
with AF vs 88.2% of patient at sinus rhythm were 
taking at least 4 drugs). Although the total num-
ber of antihypertensive agents was similar in both 
groups, diuretics, angiotensin receptor blockers 
and alpha blockers were more frequently pre-
scribed in patients with AF. There was a trend to 
a higher use of beta blockers in subjects without 
AF. Lipid lowering drugs and antiplatelets were 
more frequent in the population without AF and 
antidiabetics and anticoagulants in those with 
AF. One third of the patients with AF were not 
taking anticoagulants.

Sinus Rhythm vs Atrial Fibrillation in Pa-
tients with a Heart Rate >82 bpm (Table 2)

Out of the 2024 patients, 228 (11.3%) had a heart 
rate >82 bpm. Of these, 174 (74.6%) were at sinus 
rhythm and 58 (25.4%) in AF. Patients with AF 
were older, with higher prevalence of diabetes, 
organ damage and cardiovascular disease. Dia-
stolic blood pressure was higher in the group 
with AF. Contrary, dyslipidemia was more fre-
quent in the group at sinus rhythm. Interestingly, 
heart rates values were similar in both groups. 
Concerning to risk factors control rates, blood 
pressure (20.9% vs 15.3%, p=0.03) and glycemia 
(20.3% vs 11.5%, p=0.01) were worse controlled 
in patients with AF, while no differences were 
found regarding rates of LDL-cholesterol con-
trol (19.8% vs 21.6%, p=NS). There was a trend 
to a use of more drugs in subjects with AF, with 
no differences between groups in the number of 
antihypertensive drugs, but with significant dif-
ferences in the classes of antihypertensive agents. 
Accordingly with the higher proportion of dys-
lipidemia in patients with sinus rhythm, these 
patients were taking more lipid lowering drugs. 
Since there was a higher proportion of diabetics 
in the patients with AF, antidiabetics were more 
frequently prescribed in this subgroup. Once 
again, about one third of the patients with AF 
were not taking anticoagulants. 

Clinical Characteristics of Patients with 
Atrial Fibrillation According to Heart Rate 
Values (Table 3)

Out of the 338 patients with AF, 63 (18.6%) had a
heart rate <63 bpm, 217 (64.2%) 63-82 bpm and 58

Journal of Atrial Fibrillation                                                                  Original Research

 www.jafib.com                                                     17                                Feb-Mar, 2009 | Vol 1| Issue 5               

Table 1 Clinical characteristics of the overall study 
population (n=2024).

SR 
(n=1686; 
83.3%)

AF 
(n=338; 
16.7%)

P

Biodemographic data
Age (years) 65.9±10.2 71.3±8.1 <0.001
Gender (male) (%) 71.0 54.7 <0.001
BMI (kg/m2) 28.2±3.8 28.6±4.2 0.083
LVEF (%) 58.4±11.3 55.7±12.1 0.001

Cardiovascular risk factors
Dyslipidemia (%) 79.5 72.2 0.02
Current smoker (%) 12.1 12.3 NS
Diabetes (%) 30.1 44.6 <0.001
Sedentary lifestyle (%) 27.4 39.5 <0.001

Organ damage
Left ventricular hypertro-
phy (%) 45.7 65.4 <0.001

Heart failure (%) 13.6 42.9 <0.001
Peripheral arterial disease 
(%) 14.6 22.2 0.001

Renal impairment (%) 9.9 25.3 <0.001
Stroke (%) 6.9 16.3 <0.001

Physical examination
SBP (mmHg) 142.3±17.7 144.3±18.7 0.061
DBP (mmHg) 81.5±11.2 82.9±11.4 0.042
Heart rate (bpm) 68.7±10.9 89.7±6.6 <0.001

Treatment (%)
≥4 drugs 88.2 93.6 0.02
Antihypertensive drugs 100 100 NS
          Beta blockers 67.9 62.6 0.072
          Calcium channel 
blockers 43.6 48.0 NS

          ACEI 43.1 46.2 NS
          Diuretics 29.8 62.3 <0.001
          ARB 31.6 38.9 0.012
         Alpha-blockers 3.9 7.0 0.018
Lipid lowering drugs 76.2 68.1 0.001
Antidiabetic drugs 25.9 39.8 <0.001
Antiplatelets 95.2 53.8 <0.001
Anticoagulants 2.7 70.5 <0.001

Control rates
Blood pressure (%) 41.8 34.5 0.014
LDL cholesterol (%) 31.2 26.8 0.093
Diabetes (%) 28.5 20.9 0.044

SR: sinus rhythm; AF: atrial fibrillation; BMI: body mass index; VEF; 
left ventricular ejection fraction; SBP: systolic blood pressure; DBP: 
iastolic blood pressure; ACEi: angiotensin- converting enzyme inhibi-
tors; ARB: angiotensin receptor blockers



ripheral arterial disease that were more frequent 
in those with higher heart rate, no significant dif-
ferences were found in the other cardiovascular 
risk factors and organ damage between groups. 
Systolic and diastolic blood pressure were higher 
in those with a heart rate > 82 bpm. Concerning to 
risk factors control rates, blood pressure (51.7% vs 
34.6% vs 15.3%, p<0.001), glycemia (41.7% vs 18.4% 
vs 11.5%, p=0.02) and LDL-cholesterol (36.4% vs 
25.2% vs 21.6%, p=0.03) were worse controlled in 
patients with highest heart rate.

With regard to treatments, except for beta blockers 
that were more frequently prescribed in those with 
lower heart rate and calcium channel blockers in 
those with higher heart rates, no significant differ-
ences were found between groups.

Discussion

Hypertension and cardiomyopathies are condi-
tions that markedly increase the risk of AF; and 
the concomitance of AF with any of them rises 
cardiovascular outcomes.19-21 The initial analysis of 
AFFIRM trial reported that treatment of patients 
with AF and a high risk for stroke or death with 
a rhythm-control strategy offered no survival ad-
vantage over a rate-control strategy. Although the 
information provided from this study is important, 
post-hoc analyses of the AFFIRM data have shown 
new and valuable information. Thus, it has been 
reported that sinus rhythm was either an impor-
tant determinant of survival or a marker for other 
factors associated with survival that were not re-
corded, determined, or included in the survival 
model and that warfarin use improved survival.21 
In this context, the results of our survey provide 
current information about the clinical profile of the 
patients with ischemic heart disease and hyperten-
sion according to the presence of AF.

On the other hand, unfortunately, in some way, 
the initial reports of AFFIRM trial could provoke 
that some physicians diminished the perception 
of risk for AF, as the underuse of anticoagulation 
denotes.7 In fact, our data, recorded some years af-
ter the AFFIRM publication, showed that about a 
third of the study population were not taking an-
ticoagulants. All these data suggest that the infor-
mation provided from clinical trials, cannot always 
directly translate to every patient attended in daily 
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Table 2 Clinical characteristics of the study population 
with a heart rate >82 bpm (n=228)

SR 
(n=170; 
74.6%)

AF (n=58; 
25.4%) P

Biodemographic data
Age (years) 66.8±10.8 69.4±8.3 0.02
Gender (male) (%) 66.4 48.9 0.005
BMI (kg/m2) 29.0±3.9 29.7±5.4 NS
LVEF (%) 55.9±12.8 56.1±13.4 NS

Cardiovascular risk factors
Dyslipidemia (%) 78.5 69.1 0.01
Current smoker (%) 16.8 20.3 NS
Diabetes (%) 36.5 45.5 0.02
Sedentary lifestyle (%) 63.1 67.0 NS

Organ damage
Left ventricular hypertro-
phy (%) 53.8 76.9 0.005

Heart failure (%) 26.4 44.0 0.02
Peripheral arterial disease 
(%) 18.7 26.4 0.02

Renal impairment (%) 12.2 25.5 0.02
Stroke (%) 6.8 16.7 0.03

Physical examination
SBP (mmHg) 151.2±17.9 153.4±18.0 NS
DBP (mmHg) 86.7±12.1 89.9±11.3 0.03
Heart rate (bpm) 89.9±6.6 89.7±6.6 NS

Treatment (%)
≥4 drugs 86.9 93.2 0.08
Antihypertensive drugs 100 100 0.999
          Beta blockers 58.4 60.3 NS
          Calcium channel 
blockers 38.5 60.0 0.001

          ACEI 49.7 43.6 NS
          Diuretics 36.6 61.8 0.001
          ARB 32.9 45.5 0.03
         Alpha-blockers 3.7 3.6 NS
Lipid lowering drugs 72.7 63.6 0.01
Antidiabetic drugs 31.1 43.6 0.01
Antiplatelets 94.4 47.3
Anticoagulants 1.9 72.7

Control rates
Blood pressure (%) 20.9 15.3 0.03
LDL cholesterol (%) 19.8 21.6 NS
Diabetes (%) 20.3 11.5 0.01

(17.2%) >82 bpm. Patients with higher heart rate 
were more frequently women and obese. Except 
for smoking, left ventricular hypertrophy and pe-



er number of drugs prescribed in this population, 
cardiovascular risk factors control rates were low-
er. This is in accordance with studies that have re-
ported that coronary artery disease is associated 
with an increased mortality in patients with AF.21 
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Table 2 Clinical characteristics of the study population with atrial fibrillation according to the different
intervals of heart rate (n=338).

<63 bpm (n=63; 18.6%) 63-82 bpm (n=217; 64.2%) >82 bpm (n=58; 17.2%) P

Biodemographic data
Age (years) 71.4±8.7 71.6±7.9 69.4±8.3 NS
Gender (male) (%) 70.7 51.0 48.9 0.02
BMI (kg/m2) 27.3±3.4 28.7±3.9 29.7±5.4 0.004
LVEF (%) 54.0±11.6 56.2±11.9 56.1±13.4 NS

Cardiovascular risk factors
Dyslipidemia (%) 64.9 73.9 69.1 NS
Current smoker (%) 7.0 12.1 20.3 0.001
Diabetes (%) 43.9 44.4 45.5 NS
Sedentary lifestyle (%) 60.3 61.5 67.0 NS

Organ damage
Left ventricular hypertrophy (%) 53.4 67.0 76.9 0.018
Heart failure (%) 36.2 45.9 44.0 NS
Peripheral arterial disease (%) 13.8 22.8 26.4 0.030
Renal impairment (%) 27.6 25.1 25.5 NS
Stroke (%) 15.5 16.6 16.7 NS

Physical examination
SBP (mmHg) 135.0±18.9 144.8±17.8 153.4±18.0 <0.001
DBP (mmHg) 76.2±10.2 82.9±10.7 89.9±11.3 <0.001
Heart rate (bpm) 58.2±4.2 72.7±4.9 89.7±6.6 <0.001

Treatment (%)
≥4 drugs 89.7 94.7 93.2 NS
Antihypertensive drugs 100 100 100 NS
          Beta blockers 79.3 57.7 60.3 0.011
          Calcium channel blockers 39.7 48.6 60.0 0.041
          ACEI 48.3 45.7 43.6 NS
          Diuretics 55.2 64.9 61.8 NS
          ARB 41.4 36.5 45.5 NS
         Alpha-blockers 10.3 6.7 3.6 NS
Lipid lowering drugs 60.3 69.7 63.6 NS
Antidiabetic drugs 34.5 39.9 43.6 NS
Antiplatelets 58.6 53.4 47.3 NS
Anticoagulants 70.7 71.6 72.7 NS

Control rates
Blood pressure (%) 51.7 34.6 15.3 <0.001
LDL cholesterol (%) 36.4 25.2 21.6 0.03
Diabetes (%) 41.7 18.4 11.5 0.02

BMI: body mass index; LVEF; left ventricular ejection fraction; SBP: systolic blood pressure; DBP: diastolic blood pressure; ACEi: angiotensin- 
converting enzyme inhibitors; ARB: angiotensin receptor blockers

clinical practice, since the population included in 
these studies is somehow selected.22-24 The present 
survey shows that AF is associated with a worse 
clinical profile, with more cardiovascular risk fac-
tors and organ damage. Moreover, despite a high-



Although the cross-sectional studies cannot deter-
mine whether AF is the cause or the consequence 
of the worse clinical profile found in patients with 
hypertension and ischemic heart disease, its pres-
ence indicates that these patients should be treated 
more aggressively that patients at sinus rhythm.

It has been reported that high heart rate is an inde-
pendent risk factor for cardiovascular disease.8-10 A 
recent manuscript analyzed the influence of heart 
rate from the CINHTIA database, including only 
those patients at sinus rhythm.14 Interestingly, this 
study reported that patients with high heart rate 
exhibited a poorer prognosis not only due to a
worse clinical profile, but suggestively because de-
spite the use of a similar number of drugs, patients
with higher heart rate were associated with less-
er risk factors control. We performed the same 
analysis in those patients with AF. Remarkably, 
although left ventricular hypertrophy and periph-
eral arterial disease were more frequent in those 
with higher heart rate, the other cardiovascular 
risk factors and organ damage did not differ ac-
cording to heart rate.

This means that although high heart rate is a 
cardiovascular risk factor for those patients at 
sinus rhythm, this seems to be different in the 
subjects with AF. In fact, a substudy of AFFIRM 
trial showed that after controlling for covariates, 
there were no significant relation between either 
achieved heart rate at rest or achieved exercise 
heart rate and event-free survival.12 However, in 
the present survey there was a clear relationship 
between cardiovascular risk factors control and 
higher heart rate; higher heart rate, worse control. 
It is likely that this lower control found in patients 
with AF and higher heart rate may increase the 
risk of adverse events. This is in accordance with 
Cooper et al that showed that patients with AF 
and higher initial ventricular rate presented an 
increased risk of cardiovascular hospitalization.25 
As a result, although heart rate is a weaker predic-
tor of cardiovascular outcomes in patients with AF 
compared with those at sinus rhythm, it should 
not be ignored since it is associated with poorer 
risk factors control. The cross-sectional design of 
the study was chosen to best represent the “real 
world” of the clinical practice.

Consequently, a large population of hyperten-

sive patients achieved by consecutive sampling 
was included in the trial. This methodology has 
its limitations since it reduces the level of control 
that can be exercised to reduce variation and bias. 
However, the large number of patients included 
in the study
minimizes this theoretical limitation. On the oth-
er hand, although this kind of design is useful 
to generate hypothesis, it cannot provide infor-
mation about clinical outcomes. As a result, it is 
necessary to perform prospective trials to confirm 
that the findings obtained from our study trans-
late into a worse cardiovascular prognosis. Since 
this survey was carried out in a population at-
tended by cardiologists in Spain, the data could be 
generalized probably only to those countries with 
the same health care delivery and cardiovascular 
risk profile. In conclusion, in daily clinical prac-
tice, hypertensive patients with chronic ischemic 
heart disease and AF exhibit a worse clinical pro-
file, with more concomitant cardiovascular risk 
factors and organ damage, and lower risk factors 
control. In contrast with patients at sinus rhythm, 
higher heart rate was less related with a worse 
clinical profile in subjects with AF.
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Introduction

The long QT Syndrome (LQTS) results from a fam-
ily of genetic ion-channel disorders that cause pro-
longation of the QT interval with an associated risk 
of developing polymorphic ventricular tachycardia
of the torsades de pointes (TdP) variety, with pos-

sible syncope or death. Due to its variable severity 
and penetrance, LQTS is difficult to diagnose, as 
5-10% of those with an LQTS gene do not pres-
ent with a prolonged QT interval on their resting 
ECG,1 while others can have only mild to marked, 
or variable to persistent QT prolongation. This 
disorder may present with TdP upon a challenge, 
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Abstract

Background: Ectopic beats are frequently associated with morphologic repolarization alterations of en-
suing sinus beats. Less is known about repolarization duration alterations of post-ectopic sinus beats. In 
one patient who developed long QT and torsades de pointes upon exposure to a class III antiarrhythmic 
drug, and was later genotyped as being a carrier for long QT syndrome (LQTS) type 1, review of a pre-
drug Holter monitor study revealed marked QT prolongation of post-ectopic sinus beats. In wondering 
whether this might be a common clue to “concealed” unexpressed LQTS, we realized that we must first
characterize the range of post-ectopic QT prolongation present in normals. Prolongation beyond the up-
per limit of this range might then raise suspicion of possible LQTS and alter the antiarrhythmic drug 
selection process for the suppression of atrial fibrillation or other arrhythmias.
Methods: Accordingly, we assessed the presence/degree of repolarization prolongation following pre-
mature ectopic impulses in 166 subjects with normal conduction intervals and normal repolarization on 
their resting 12-lead ECG, 75 of whom had no known associated cardiovascular disorder of any kind. 
That is, in our subjects, the maximal prolongation of the QT interval of the sinus beat following isolated 
ventricular and atrial premature complexes was characterized.
Results: QT prolongation is common in post ectopic sinus beats. However, in our subjects the uncorrect-
ed QT interval of post-ectopic sinus beats never exceeded 480 ms in duration [which was much shorter 
than that seen (510-590 ms) in our gene carrier]. Conclusions: The QT interval in normal subjects may 
prolong following premature complexes but not to a value in excess of 480 ms.
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such as drug administration.2 Such TdP developed 
in one female patient we encountered who had a 
maximal QT of 450 ms on several 12 lead ECGs 
prior to therapy yet suffered TdP upon exposure 
to a class III AAD. Notably, we noted marked 
post-ectopic QT prolongation upon postevent 
review of a Holter monitor study she had done 
previous to therapy. The risk of such a cardiac 
event increases exponentially with QT length.3 

Although there are specific diagnostic criteria for 
LQTS, the condition often evades diagnosis. This 
occurs for several reasons: First, the rate-corrected 
QT interval (QTc) of an individual may be vari-
able over time and varies with electrolyte status 
and with heart rate and autonomic state.4 Such 
long-term variation, even in healthy patients, has 
not yet been fully quantified. Second, routine pro-
longed ambulatory ECG recordings display only 
a limited number of leads for analysis and they 
only rarely display asymptomatic TdP.3 Finally, 
genetic screening is prohibitively expensive and 
impractical on a widespread basis. Therefore, a 
simpler marker for this disease when sub-clinical 
would be advantageous.

Premature ectopic beats often cause altered repo-
larization of the next sinus beat, primarily mor-
phologic. These have been assessed by Holter 
monitoring in normals and in subjects with LQTS 
where potentially diagnostic differences have 

been noted.5 Additionally, Vecchietti et al. have re-
ported that ventricular ectopic beats may induce 
QT prolongation of the ensuing sinus beat.6 How-
ever, to our knowledge, the degree to which QT 
prolongation may be seen in post-ectopic sinus 
beats has not yet been studied. Because QT pro-
longation may occur following ectopic beats, as 
we noted in our one LQTS carrier, we postulated 
that such prolongation might be longer in many/
most patients prone to not yet manifest long QT 
syndrome. To determine if this is the case, we re-
alized that we first had to characterize the behav-
ior of post ectopy QT prolongation in individuals 
without QT prolongation in their 12-lead ECG so 
as to establish a normal range prior to attempting 
to assess its behavior in long QT gene families. As 
such, for this report, we chose to study and charac-
terize the normal population for the presence and 
extent of post-ectopic QT prolongation.

Methods

To establish the spectrum of post ectopy repo-
larization duration in normals, we examined 166 
patients by 24-hour ambulatory (Holter) monitor-
ing. All were without signs of LQTS by standard 
electrocardiography and without known clinical-
ly significant ventricular tachyarrhythmias. They 
were selected at random from those who came 
to the Holter laboratory for a 24-hour recording 
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Figure 1:  Intervals measured: RR, RR’, R’R”, QT, QT’, QT”



as part of their evaluation of non-specific symp-
toms such as palpitations, dizzy spells, and the 
like. Each subject had entirely normal conduction 
and repolarization during sinus rhythm. Mean 
age was 54 and ranged from 21 to 86 years. One 
hundred seventeen were women. Underlying car-
diovascular diagnoses obtained by review of the 
subject’s clinical records included: hypertension, 
left ventricular hypertrophy, congestive heart 
failure, hyperlipidemia, aortic valve disorder, mi-
tral valve disorder, valve replacement, hypercho-
lesterolemia and rheumatic mitral insufficiency. 
Seventy-five patients were without any underly-
ing cardiovascular disease. Patient identities were 
protected by assigning code numbers to patients 
in accordance with HIPAA regulations. Institu-
tional Review Board approval was received prior 
to the collection of this information.

For each patient, several intervals surrounding 
multiple supraventricular and ventricular ectopic
beats were measured. The RR and QT intervals 
were measured for: (a) sinus cycles preceding all 
ectopic beats (RR, QT); (b) all ectopic beats (RR’ 
[the coupling interval], QT’); and (c) the sinus beat 
immediately following all ectopic beats (R’R”, 
QT”) (Figure 1). Corrected QT intervals were cal-
culated by Bazett’s formula: QTc, QTc”. The data 
was sorted into two groups according to the origin 
of the ectopic beat: ventricular or supraventricu-
lar. The ratio RR’/RR was used as an indicator of 
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Figure 2:  The post-ectopic QT interval, QT”, as a function of the coupling interval, RR’

the relative prematurity of the ectopic beat. Pos-
tectopic QT intervals, QT”, were normalized for 
baseline QT with the ratio QT”/QT. All trend lines 
were calculated with Microsoft Excel 2003 SP2 us-
ing a linear least-squares fit. Mean (+/- standard 
deviation) changes for QT” and common statisti-
cal analyses related to such were not calculated 
for this study as: (a) we were assessing only the 
upper boundary of QT”, and (b) mean (+/- stan-
dard deviation) would be influenced by preced-
ing sinus cycle length and the coupling interval of 
the ectopic complex which we noted could vary 
in the same patient over the 24 hour recording 
and certainly varied among patients (see below). 
Upon completion of this study, one additional 
subject was studied in an identical manner: she is 
a known LQTS type 1 gene carrier.

Results

The data revealed the following (Figures 2-5): The
QT interval of the post-ectopic beat commonly in-
creases following ventricular or supraventricular
ectopic beats. The amount of the increase in QT is
variable among patients and in a single patient 
during a 24-hour cycle. The change in QT dura-
tion, compared with the sinus beat immediately 
preceding the ectopic beat, ranged from a 40 ms 
decrease to a 100 ms increase following supra-
ventricular premature depolarizations and a 40 



repolarization following a post-ectopic beat can 
be variable but is finite. In addition, the duration 
of post-ectopic repolarization can be longer than 
the 440-450 ms limit usually applied as the upper 
limit of the normal QTc interval on the resting 12 
lead ECG during sinus rhythm. Notably, howev-
er, in our subjects with normal resting ECGs and 
no history of LQTS, it never exceeded 480 ms in 
normals.

As one can see in more detail in Figure 2, both 
types of ectopy (ventricular and supraventricu-
lar) produce relatively similar behavior. In both 
groups, QT” decreased as the coupling interval 
decreased, although for any given coupling in-
terval, QT” tended to be shorter after ventricular 
ectopic beats than after supraventricular ones. 
This is consistent with the potential repolariza-
tion shortening effect associated with wide QRS 
complexes previously described by Banker et al.7 
Figure 3 shows that in normals, there is virtually 
no difference between QT interval behavior after 
ventricular and supraventricular ectopic beats 
when corrected for baseline QT with the ratio 
QT”/QT. The shortening effect mentioned above 
is lost when intervals are normalized in this way. 
Figure 4, which displays QT” as a function of 
R’R” (the pause following the ectopic beat) shows 
the 480 ms demarcation line to appear enhanced. 
If LQTS gene-carriers and patients demonstrate 
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ms decrease to a 140 ms increase following ven-
tricular premature depolarizations across our 166 
patients. When normalized for baseline QT, the 
percent change ranged from an 11% decrease to 
a 27% increase following supraventricular pre-
mature depolarizations and an 11% decrease to 
a 41% increase following ventricular depolariza-
tions. The amount of variability within a single pa-
tient ranged from 0 to 120 ms (0 to 27%) following 
supraventricular ectopic beats and from 0 to 150 
ms (0 to 35%) following ventricular ectopic beats, 
when at least 3 ectopic beats of either respective 
origin were present during the Holter recording. 
In this group of normals, the post-ectopic QT nev-
er exceeded 480 ms after either supraventricular 
or ventricular ectopic impulses (Figures 2, 4). In 
contrast, in the one gene carrier of LQTS type 1 
described above, in whom the longest QT in si-
nus rhythm was 450 ms, post ectopic QT intervals 
ranged from 510-590 ms (Figure 5).

Discussion

The above results clearly indicate that follow-
ing an ectopic beat, whether supraventricular or 
ventricular in origin, the next sinus beat may re-
veal prolongation of repolarization, rather than 
just morphological alteration. It is also clear that 
within and among patients in our series without 
clinically recognized LQTS, the prolongation of 

Figure 3:  The ratio of the post-ectopic QT interval, QT”, to the QT interval of the last sinus beat before the ectopic beat, QT, as 
a function of the relative prematurity of the ectopic beat, RR’/RR



the coupling interval by a nonconstant function 
essentially random in nature. This potentially 
masks any previously existing relationships. We 
found that in addition to using the raw data, the 
most meaningful way to compare QT lengths 
was against R’R”, the pause length. Notably, the 
common way to compare or “correct” QT inter-
vals so as to make inter-patient or intercondition 
comparisons, as by the application of Bazett’s or 
other common correction formulae to QT,” is not 
applicable to our data analysis because these cal-
culations assume stable sinus rhythm rather than 
a post-ectopic beat and cannot take into account 
the relative prematurity of the ectopic beats.

Limitations

Beyond the above, and most notably, we do not 
know how representative our one gene carrier 
is of the overall population of LQTS carriers. We 
have not yet completed studies in other gene car-
riers in our center and there are no analyses simi-
lar to ours in such patients in the literature. Thus, 
additional studies will be required to truly char-
acterize this population as contrast to our normal 
subjects.

Conclusions

This study examined QT prolongation after ecto-
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different behavior (i.e., post-ectopic QT intervals 
greater than 480 ms), such a demarcation line may 
prove to be diagnostically useful and could be 
used to identify LQTS prone patients.

There is an inherent limitation in the use of the 
coupling interval RR’ when comparing QT lengths 
at differing heart rates. It is largely the interval be-
tween the ectopic and the post-ectopic beat, the 
pause, which affects the subsequent QT interval. 
Both the sinus rate before and the origin of the ec-
topic beat determine the length of this pause. A 
coupling interval may be identical for two ectopic 
beats in two different patients or even for two ec-
topic beats within the same patient, after two very 
different sinus rates. The pause after these ecto-
pic beats would be longer in the patient with the 
slower sinus rate because the ectopic beat would 
be more premature and the intrinsic sinus rate 
slower. This would elicit a post-ectopic beat with a 
longer QT interval than would be elicited in a pa-
tient with a faster initial sinus rate. Such variation 
renders comparisons between QT interval lengths 
at different coupling intervals potentially more 
difficult to interpret. This limitation also leads to 
difficulty using the relative prematurity RR’/RR 
in comparisons. Trends in QT length when com-
pared against the coupling interval do not neces-
sarily hold when compared against RR’/RR due 
to the fact that all QT lengths were measured at 
different heart rates and leads to the division of 

Figure 4:  The post-ectopic QT interval, QT”, as a function of the pause length, R’R”



pic beats in many ways, including as raw data, as 
a function of prematurity, normalized for baseline
QT, and by utilizing a correction formula. In our 
series of patients without LQTS, post-ectopic in-
tervals greater than 480 ms were not noted. In our 
one LQTS gene carrier, values of 510 ms and lon-
ger were noted. While it is clear that additional 
studies will be required to characterize the behav-
ior of LQTS carriers of all recognized genotypes, 
for the moment and in light of the one carrier we 
encountered as noted above, our results would 
suggest that caution be exercised when giving a 
potential QT prolonging drug (AAD or otherwise) 
to a patient if QT prolongation >480 ms is noted in 
post-ectopic sinus beats on the ECG.
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Figure 5:  Rhythm strips (from Holter monitoring) in a LQTS carrier demonstrating a greater prolongation of the post-ectopic
QT interval



Introduction

Over the last decade, radiofrequency (RF) ablation 
for atrial fibrillation (AF) has emerged as an in-
creasingly used and effective technique to manage 
patients who are symptomatic from this arrhyth-
mia. There has been a literal explosion in both the 
clinical utilization of ablation and research attempt-
ing to identify the best targets and the safest meth-
ods to invasively treat AF.1-4 Given how common 
AF is, affecting more than 2 million people in the 
United State alone, and the fact that it is reasonably 

well tolerated, make it important that ablation be 
as safe as possible to recommend this treatment 
modality.5

Of the several complications that may occur dur-
ing AF ablation, stroke, cardiac perforation, and 
major bleeding are among the most feared. While
any invasive cardiac procedure may be associated
with perforation or bleeding and any left-sided 
procedure may result in thromboembolism and 
stroke, AF ablation particularly highlights these 
issues. Regardless of the approach used for en-
docardial AF ablation, extensive RF applications 
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Abstract
 
Radiofrequency ablation for atrial fibrillation is being increasingly used to treat patients with symp-
tomatic arrhythmia. The procedure is complex and associated with significant complications including 
thromboembolism, stroke, and bleeding. Despite significant advances in catheter design, online cardiac 
imaging, and greater operator experience, both stroke and major vascular complications continue to be 
problematic. Increasing the duration and intensity of anticoagulation has been the primary modality 
used to decrease thromboembolism. However, these measures increase the likelihood and severity of 
bleeding-related complications. The optimal method of anticoagulation along with the adjunctive use 
of technology to decrease vascular complications and mechanically prevent cerebral embolization is un-
known. In this paper, we review the present methods used by ablationists to decrease the likelihood of 
thromboembolism during atrial fibrillation. We then describe methods used to decrease bleeding and 
vascular complications at access sites as well as cardiac perforation. We briefly discuss newer techniques 
to decrease endovascular complications including epicardial ablation and the use of temporarily im-
planted vascular protection devices.Finally, we describe the best option or combination of approaches 
that attempt to balance the risks of thromboembolism and bleeding during AF ablation..



in the left atrium are the rule, simultaneously, in-
creasing the risk of thrombus formation and car-
diac perforation. Further, patients with chronic 
AF tend to have larger left atria, are older, are 
often on preprocedure anticoagulation, and re-
quire postablation intensive anticoagulation, thus 
disproportionately at risk for both thrombus and 
bleeding.6-8

In this review, we describe the present methods 
used by ablationists to try and minimize throm-
boembolic risk during ablation. We subsequently
review techniques to decrease bleeding and vas-
cular complications as well as newer methods 
to avoid endovascular complications including 
epicardial ablation and the use of temporarily in-
serted vascular protection devices. While review-
ing the existing literature, we evaluate these tech-
niques in terms of which combinations achieve the 
balance between thromboembolism and bleeding 
during AF ablation procedures.

Thromboembolism as a Complication
of AF ablation 

Ablationists rightfully try to avoid any RF ablation 
procedure-related complication. However, stroke 
as a periprocedural complication evokes particu-
lar dread because the event and its sequelae are 
so devastating, and we lack a clear understanding 
of how to prevent it.7, 9 While advances in remote/
robotic catheter navigation along with better on-
line imaging techniques, experience with safe 
catheter manipulation, and knowledge and ability
to recognize appropriate RF ablation targets may 
decrease other complications, they do not neces-
sarily impact the risk of thrombus formation. The 
pathogenesis of thrombus and subsequent embo-
lization during left atrial ablation is multifacto-
rial.10 During transseptal puncture, the endothe-
lial denudation that occurs may be thrombogenic. 
Simply placing sheaths or catheters in the circula-
tion may be sufficient to give rise to soft thrombus. 
Most importantly, however, during RF energy de-
livery, the associated local temperature rise can 
result in coagulum formation that in turn can be 
a nidus for propagating soft thrombus.8,11 Peripro-
cedural heparinization has been the mainstay for 
interventionalists to decrease this complication. 
We review approaches that involve increased in-
tensity, duration, or location for heparinization 

and describe the limitations of this pharmacologi-
cal agent in impacting the occurrence of coagulum 
during ablation. These limitations are responsible 
for the unfortunate statistic that despite adequate 
heparinization, about 2% of complex left-sided ab-
lation procedures continue to be associated with 
thromboembolism.12,13

Bleeding and vascular complications during 
AF ablation

With the multiple catheters and sheaths frequently
required for complex AF ablation, access site bleed-
ing and various vascular complications including 
pseudoaneurysm formation and retroperitoneal 
bleeding are more common with these proce-
dures. Further, cardiac perforation is a potentially 
fatal occurrence and occurs in about 2.4% of pa-
tients undergoing AF ablation.14 While pericar-
diocentesis and possible placement of indwelling 
drains or open-chest surgical closure of the per-
foration may prevent catastrophe, these bleeding 
risks significantly impact outcomes.14 While anti-
coagulation at least in part mitigates against major 
thromboembolism, there is an inherent increase in 
the risk for bleeding and vascular complications. 
Each approach to minimize thromboembolic risk 
must be evaluated not only in terms of its own ef-
ficacy but also against the extent of the propensity 
to increase bleeding.

Approaches to Minimize Thromboembolic 
Rrisk

Increasing the Intensity of Anticoagulation

The most straightforward approaches to decrease 
thromboembolism are to simply increase the in-
tensity of anticoagulation with intravenous hepa-
rin. In fact, studies have demonstrated that high 
intensity anticoagulation, once vascular access has 
been obtained, can be performed without undue 
bleeding risk.15, 16 Ren and coworkers studied 511 
patients undergoing pulmonary vein isolation for 
AF. Patients were divided into two groups based 
on the intensity of heparinization. The first group 
had a target ACT of 250-300 seconds while the sec-
ond group had a target ACT of 300-410 seconds. 
Relatively high-risk patients for thromboembolism 
were included in this study as evidenced by the 
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occurrence of spontaneous echo contrast (SEC) in 
16.7% of patients in group 1 and 59.9% of patients 
in group 2. Interestingly, despite the higher preva-
lence of SEC in group 2 (suggesting a higher risk 
of thrombus formation), the overall occurrence of 
ultrasound-detected thrombus was significantly 
lower (2.8% vs 11.2% in group 1) with higher in-
tensity anticoagulation. Importantly, there was 
no difference between the two groups in terms of 
procedural complications including bleeding, ret-
roperitoneal hemorrhage, cardiac perforation, or 
other vascular complications. Although this study 
did include more than 500 patients, given the rela-
tively low incidence of major thromboembolic or 
bleeding complications, it is difficult to know the 
clinical impact of high intensity anticoagulation in 
terms of stroke prevention and the risk of vascu-
lar complications, particularly with inexperienced 
operators. Further, the upper limit (is more always 
better?) for heparinization and targeted ACTs is 
not known, and presumably, at some point, bleed-
ing risk will outweigh any incremental benefit in 
reducing thromboembolism.

Targeted Heparinization

Simply increasing the intensity of anticoagulation
produces global effects including inhibition of 
coagulation at sites remote from the cardiac lo-
cations for ablation. This results in an increased 
risk of bleeding complications at sites where an-
ticoagulation is not required at all. Some opera-
tors have attempted to locally enhance anticoagu-
lation. Maleki et al reported one such technique 
and showed the reduction in the risk of intracar-
diac echocardiography (ICE)-detected thrombus 
formation.17 One-hundred-and-eighty patients 
who underwent ICE-guided transseptal catheter-
ization were divided into two equal groups. In 
the first group, standard 2 U/cc concentration of 
heparin was used to flush the transseptal sheaths 
prior to left atrial access. In the second group, a 
much higher concentration of 1000 U/cc of hepa-
rin was used for the transseptal flush. They found 
a 1% incidence of thrombus formation detected 
by ICE in group II, which was significantly lower 
when compared to a 9% incidence noted in group 
I with the standard concentration of heparin flush. 
The authors, based on these observations, recom-
mended higher concentration of heparin for any 
sheath placed in the left-sided circulation.17
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It is not possible from this study to know whether 
bleeding risk is actually lower with targeted high 
intensity anticoagulation versus simply increasing
the amount of heparin delivered intravenously. 
Further, thrombus formation does not occur ex-
clusively around transseptal sheaths or within 
the lumen of such sheaths but rather can occur as 
a result of left atrial endothelial disruption from 
catheter manipulation or during the ablation pro-
cess itself.

Timing of Anticoagulation

Because of the risk of cardiac perforation occur-
ring specifically during transseptal puncture, hep-
arin administration was routinely delayed until 
after the last (usually second) transseptal punc-
ture was performed. With the use of intracardiac 
ultrasound, it became apparent that when the first
transseptal puncture was performed, endothelial 
disruption and the introduction of this foreign 
body into the left atrium provided the milieu for 
rapid thrombus formation in the catheter lumen 
as well as the left atrium.18-20 As facility with dual 
transseptal puncture increased with operator ex-
perience, earlier heparinization either before the 
second transseptal or before transseptal puncture 
has been tried. Bruce and coworkers reported their 
findings in 508 patients who underwent AF abla-
tion with ICE guidance[18]. All patients received 
unfractionated heparin during the procedure, but 
the timing varied. In the first group of 31 patients, 
heparin was given immediately after vascular ac-
cess was obtained and well prior to the first trans-
septal puncture. In the second group of 257 pa-
tients, heparinization was done after the first but 
before the second transseptal puncture. Finally, 
in the third group of 220 patients, heparinization 
was initiated only after the second transseptal 
puncture. ICE-detected thrombus was significant-
ly lower in the group where the earliest heparin-
ization occurred (0% group 1, 3.1% group 2, and 
9% group 3 where anticoagulation was done only 
after the second transseptal puncture).

It should be noted, however, that ICE was used in 
all patients in this study, and it is, therefore, un-
known whether procedural risk would’ve been 
higher if fluoroscopy alone had been used for 
transseptal puncture in the patient group with 
early heparinization. Further, this study is longi-
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tudinal and nonrandomized. It is highly likely, 
therefore, that the later patients were the ones who 
received early heparinization and thus would cor-
respond to the group of patients undergoing abla-
tion by operators that were now more skilled and 
experienced with the procedure.

Uninterrupted Anticoagulation

A major problem of managing anticoagulation 
for patients undergoing AF ablation has been the 
need to discontinue warfarin prior to the proce-
dure. In patients with an indication for oral anti-
coagulation with atrial fibrillation, most centers 
would discontinue this agent 3-4 days prior to the
procedure. Typically, clinical judgment is used to
identify patients who would need to be “bridged”
with subcutaneous low-molecular-weight heparin
or those in whom warfarin is simply discon tinued. 
The small but existing risk of thrombus formation 
during this warfarin-free hiatus needs consider-
ation. More importantly, reinitiating warfarin fol-
lowing ablation can be problematic. In addition to 
the existing preprocedural patient risk for stroke 
following extensive left atrial ablation with large 
areas of endothelial denudation and isolated seg-
ments of the left atrium and pulmonary veins, 
there is a likely increase in stroke risk in the imme-
diate postprocedural period. Thus, most centers 
will again “bridge” the patient with low-molecu-
lar-weight heparin until the INR is therapeutic. In 
the immediate postprocedural period, there is also 
an enhanced risk for bleeding and vascular com-
plications, generally thought to be higher with bo-
luses of heparin than with warfarin.6, 15, 21 Wazni et 
al reported a unique method of avoiding the need 
for a warfarin-free hiatus.22 They compared out-
comes in three groups of patients with paroxys-
mal AF undergoing pulmonary vein isolation for 
AF. The first group received enoxaparin 1mg/kg 
twice daily for bridging following ablation, group 
2 received enoxaparin 0.5 mg/kg twice daily, and 
group 3 had uninterrupted warfarin at the pa-
tient’s usual therapeutic dose. Many important 
results are to be noted. One patient in group 1 and 
2 patients in group 2 developed stroke, but none 
in group 3 where warfarin had been continued. 
Hematoma formation was actually observed to oc-
cur less frequently in the patients where warfarin 
had been continued. This important finding that 

thromboembolic risk can be decreased without 
increasing the risk of bleeding by simply not in-
terrupting oral anticoagulation represents a novel 
and previously untested approach. It should be 
noted that this study was performed in a very high
volume ablation center involving skilled and expe-
rienced operators. Also noteworthy is that all pa-
tients in this study had paroxysmal AF. Since the 
number of RF energy deliveries and the required 
extent of complex catheter manipulation is typi-
cally more with chronic AF along with the likely 
increased chance for de novo thrombus to occur 
from stasis, the safety of uninterrupted anticoagu-
lation is not known for these patients. Wazni et al 
also noted that SEC was more commonly observed 
in the patients where warfarin had been discon-
tinued. This is a perplexing finding since warfa-
rin does not decrease the propensity for erythro-
cytes to form rouleaux – the cause for SEC. The 
possibility exists that the ICE-detected SEC may 
in fact have demonstrated small thrombi which 
were disproportionately more frequently found in 
the patients that formed groups 1 and 2.6 Despite 
these possible limitations, the approach of simply 
continuing warfarin if validated in other patient 
populations and with less experienced operators 
solves many of these sticky issues associated with 
optimizing periprocedural anticoagulation.

Intracardiac Ultrasound

Linear phased-array intracardiac ultrasound im-
aging has been extensively used during AF abla-
tion procedure23-29 (Figure 1). Although not di-
rectly a measure to prevent thromboembolism or 
bleeding, this imaging modality strongly impacts 
various other techniques that aim to minimize 
complications. ICE (Acuson, Siemens Medical So-
lutions, Malvern, PA) visualization is performed 
from the right atrium with an 8-10 Fr probe placed 
via the femoral veins. Imaging of the left atrium 
and pulmonary veins during ablation is used to 
recognize thrombus formation and possibly allow 
extraction of the thrombus when it occurs27 (Figure 
2). Ren et al reported the incidence, risk factors, 
and outcome of managing left atrial thrombus 
with ICE[19]. They studied 232 patients undergo-
ing pulmonary vein isolation for AF. Intracardiac 
echocardiography detected thrombus in the left 
atrium in 24 of 232 patients (10%). These operators 
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either immediately removed the thrombus from 
the left atrium with ICE guidance and suctioned 
up the thrombus through a sheath, or aggressive 
anticoagulation was performed (Figure 3). This 
study shows not only the ability of ICE imaging to 

identify thrombus but to potentially guide man-
agement of this complication once it occurs (Fig-
ure 4).

There is also widespread utilization of ICE to 

Figure 1:  Intracardiac ultrasound using a linear phased-array probe placed in the right atrium visualizing the intraatrial septum 
and the left atrium. Note a strand-like structure consistent with thrombus noted in the left atrium despite adequate hepariniza-
tion

Figure 2:  An ultrasound probe placed in the right atrium in the region of the interatrial septum which is used to visualize throm-
bus. Thrombus can be detected at various locations including on the transseptal sheath/Lasso catheter, ablation catheter or in the 
left atrium. Reproduced with permission from : Bruce CJ et al., J Interv Card Electrophysiol 2008; 22:211-219
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guide transseptal puncture. This procedure has 
gone from being considered a “high risk for per-
foration” step in ablation to one that is now rou-
tinely and expeditiously performed with very low 
risk of perforation because of the extra imaging 
information, safety, and confidence that ICE has 
provided. Some approaches to decrease thrombo-
embolism, for example early heparinization, may 
not have been considered but for ICE assistance 
with transseptal puncture particularly with inex-
perienced operators.30-32

Bleeding complications may also be quickly evalu-
ated by ICE.14 When hypotension is noted, pericar-
dial effusions can be quickly detected and man-
aged, again giving operators more confidence to 
maximize anticoagulation. Similarly, if no effu-
sion is noted, the operator may be alerted to the 
possibility of vascular bleeding including retro-
peritoneal hemorrhage.

Modifying Ablation Energy Delivery

Since increased temperatures resulting from abla-
tion can trigger the coagulation cascade and di-
rectly denature fibrinogen into fibrin-coagulum, 
methods to modify ablation energy delivery have 
been tried to minimize the risk of thromboembo-

lism.

Radiofrequency energy delivery does not direct-
ly heat the electrode but rather heating occurs at 
the tissue interface (Ohmic resistance site) which 
in turn heats the electrode. Since the thermistor 
or thermocouple used to monitor temperature is 
located at variable distances from the tissue in-
terface within the distal electrode, an inherent 
discrepancy between measured temperature and 
tissue as well as interface heating exists. There-
fore, very high temperatures may be occurring 
(greater than 85-100°C) even when the tempera-
ture “cutoff” is set much lower (55-65°C).11, 33 The 
resultant clot formation may occur at the tissue 
surface or on the electrode. Efforts to minimize 
clot formation on the electrode surface have in-
cluded power control ablation with careful mon-
itoring of impedance and ICE visualization of 
“microbubbles”, a possible manifestation of ex-
cessive heating and the use of open saline irriga-
tion (Figure 5).

Open saline irrigation of the electrode actively 
cools the electrode surface, preventing the high 
temperatures that can result in coagulum and 
subsequent thrombus formation on the electrode 
surface. In-vivo studies using the thigh muscle 

Figure 3:  Panel A: Intracardiac ultrasound image during catheter ablation with ACT maintained above 300 seconds. A complex
thrombus is noted in relationship to the circumferential mapping catheter. With appropriate placement of a vascular protection 
device and strong suction applied, the thrombus was removed in its entirety and is shown in Panel B. Reproduced with permis-
sion from : Bruce CJ et al., J Interv Card Electrophysiol 2008; 22:211-219
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preparation muscle model34, 35 have shown signif-
icant reduction of surface coagulum with open 
irrigation when compared to conventional cathe-
ters as well as internal saline irrigated electrodes.

Whether tissue thrombus formation is actually 
prevented as well or coagulum that does form 
is “washed away” is not presently clear. Dor-
warth et al examined different catheter systems 
to identify which had the least risk of thrombus 
formation in excised pig hearts bathed with hep-
arinized blood.36 Both external irrigation (show-
erheadtype electrode tips and a porous metal tip) 
as well as internally cooled catheters were stud-
ied. In addition, comparison was made with con-
ventional catheters with a large surface electrode 
and standard catheters. In this study, the pres-
ence of coagulum was almost entirely abolished 
using the irrigation catheters. The authors also 
observed an overall lower rise in impedance with 
the use of external irrigation catheters. Internally 
cooled ablation catheters had a high coagulum 
formation rate when impedance rises were noted 
(38%). Large surface area catheters almost invari-

ably showed thrombus when impedance rise was 
present.

These findings of likely decreased risk of thrombo-
embolism with open saline irrigation must be bal-
anced with the following: * Difficulty with moni-
toring and titrating ablation energy delivery as 
temperature monitoring is not valid. * Continued 
observation of coagulum on the proximal edge of 
the distal electrode where saline irrigation is not 
occurring * Possible increased incidence of myocar-
dial disruption and perforation.

Other approaches have included the use of cryo-
energy, which may possibly be associated with less 
risk of coagulum formation and the use of focused 
ultrasound energy, which has been conjectured to 
be associated with less endothelial disruption.24, 37-40

Decreasing Available Fibrinogen during RF
Energy Delivery

Imperative for any paradigm being successful in 
limiting thromboembolic complications is under-

Figure 4:  Technique for extraction of the ICE-detected thrombus:
Panel A: An ICE probe is placed in the right atrium to visualize thrombus in the region of the Lasso catheter
Panel B: The transseptal sheath is advanced close to the detected thrombus
Panel C: Strong suction through the sidearm of the transseptal sheath is applied
Panel D: While continued strong suction is being applied, the transseptal sheath is brought back to the right atrium while the
Lasso catheter is pulled into the transseptal sheath.
Reproduced with permission from : Bruce CJ et al., J Interv Card Electrophysiol 2008; 22:211-219
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standing the difference between thrombus and 
coagulum. Although these terms have been 
used interchangeably, thrombus formation is a 
thrombin-dependent process with subsequent 
change of fibrinogen to fibrin (clot). Coagulum 
formation specifically refers to the direct heat-
related denaturation of fibrinogen to fibrin that 
is independent of thrombin. Heparin, which via 
antithrombin III inhibits thrombin and thus pre-
vents clot formation, is completely ineffective 
in preventing coagulum development.10, 41, 42 As 
a result of this critical distinction, regardless of 
the intensity of anticoagulation with heparin, RF 
energy and the heat generated will still have the 
propensity to generate coagulum/char (Figure 6).

Therefore, approaches have been suggested and 
are being investigated to minimize fibrinogen 
availability at the site of RF energy delivery. Rare-
ly used but theoretically possible is to decrease 
fibrinogen levels using a fibrinogenolytic agent 
such as Ancrod.43, 44 Because of the difficulty with 
monitoring drug effect and possible significant 
bleeding increase, such options are rarely used.

A novel approach being investigated is the si-

multaneous placement of direct current negative 
charge on catheter’s electrodes including while de-
livering RF energy. The negative charge intended 
to stabilize the fibrinogen molecule8, 27, 45 may repel 
the negatively-charged fibrinogen molecule, de-
creasing the availability of fibrinogen near the ab-
lation electrode surface.

In addition, direct current application even at low
levels (less than 100 μA) is associated with surface
electrolysis producing a stream of small microbub-
bles. The generation of these electrolytic bubbles 
may act as a type of irrigation on the surface of 
electrodes again decreasing the amount of fibrino-
gen in contact with the electrode surface that can 
be denatured to fibrin with heating. Lim et al have 
reported ex-vivo and in-vitro observations where 
such surface application of negative direct current 
charge showed decreased quantity and thickness 
of coagulum formation on electrodes that had the 
current applied.8

Decreasing the Risk of Bleeding during
AF Ablation

It is clear that some amount of anticoagulation is 

Figure 5:  Intracardiac ultrasound image of the left atrium and catheter during ablation energy delivery. Fine microbubbles
are visualized. The use of microbubbles to titrate energy delivery has been described as one method of preventing impedance
rise and coagulum formation (Oh S, et al. Avoiding microbubbles formation during radiofrequency left atrial ablation
versus continuous microbubbles formation and standard radiofrequency ablation protocols: comparison of energy profiles
and chronic lesion characteristics. J Cardiovasc Electrophysiol. 2006;17:72-7.)
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an absolute necessity during left atrial ablation, 
and although the optimal method of this antico-
agulation is not known, with whatever modality 
is used, there is some decrease in the likelihood 
of stroke, and there is some increase in the risk of 
bleeding and vascular complications.6, 12 Meticu-
lous attention to technical details during vascular 
access and transseptal puncture can greatly de-
crease the chance of these complications despite 
high intensity anticoagulation. Should such com-
plications arise, however, the risks of more serious 
consequences including pericardial tamponade or 
hemodynamically significant examination become 
relevant. Newer technical advances, including the 
use of intracardiac ultrasound described above, 
indirectly aim to decrease bleeding complications 
with more precise visualization of the intracardiac 
structures, catheter contact, etc. Similarly, devices 
to reduce the risk of excessive bleeding following 
femoral sheath removal have become widespread 
(Figure 7). Several mechanical methods to aid fem-
oral arterial compression are available.46 Walker 
et al compared the use of the FemoStop® (RADI 
Medical Systems, Uppsala, Sweden) with manual 
compression in reducing femoral puncture site 
complications.46 Other studies have shown a wide 
variety of advantages with mechanical device com-
pression, particularly when large French sheaths 
are introduced into the vasculature.47-50

Another vascular closure device used is a percu-
taneous suture device. Kahn et al describe their 
experience with the Prostar-Plus (Perclose, Red-
wood City, CA), a suture-mediated arterial closure 
device.51, 52 They use a guidewire to exchange the 

existing arterial sheath for an 8 Fr closure sheath. 
They utilized this device in over 10,000 diagnostic 
and interventional catheterizations. A significant-
ly higher complication rate (major and minor) 
was noted in diagnostic catheterizations in pa-
tients treated with the Prostar-Plus device com-
pared to manual compression (2.6% [major] and 
4.1% [minor] complication rate for Prostar-Plus 
compared to 0.2% [major] and 1.8% [minor] with 
manual compression). No statistical differences 
were noted for major and minor complications in 
interventional catheterizations. However, there 
have been other studies that have contradicted 
Kahn and colleagues’ findings, making this su-
ture-mediated closure device a consideration to 
enhance safety.53-55

Beyond Anticoagulation: Methods to
Decrease Thromboembolism

Epicardial Ablation

Since thromboembolism is an endovascular com-
plication, ablation primarily performed on the 
epicardial surface of the heart would be associ-
ated with significantly less risk.56, 57 Epicardial ap-
proaches for AF ablation have included pulmo-
nary vein isolation, ablation in the Bachmann’s 
bundle region, and ablation of the retro-atrial 
ganglionated plexi.58 Epicardial approaches do 
have significant limitations, however, including 
difficulty with navigating catheters in patients 
with prior cardiac surgery, inadequate transmu-
ral lesion creation, and the inability to ablate com-
mon atrial flutter that may coexist with AF.

Figure 6:  Illustration showing the difference between thrombus and coagulum. Coagulum results from direct heat denaturation
of fibrinogen to fibrin. The process is thrombin independent and thus cannot be prevented by heparin. The coagulum itself may 
form a nidus for thrombus formation and subsequent obligation or embolization
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In addition, if transmural lesions are created, there 
is some endothelial disruption and thus potential 
for thromboembolism may still occur. A particu-
larly difficult situation may arise when endothelial 
disruption or thrombus is recognized from epi-
cardial ablation and intensive anticoagulation has 
been made problematic as a result of subxiphoid 
access and pericardial manipulation. The proce-
dure of obtaining epicardial access may be associ-
ated with bleeding risk including hepatic hemato-
ma formation and subdiaphragmatic hemorrhage.

Use of Vascular Protection Devices

A number of vascular protection devices designed 
to capture thromboembolic debris transiting from 
the heart towards the carotid circulation and brain 
have been developed and evaluated for their effi-
cacy in reducing stroke[59, 60] (Figure 7). In one 
iteration, a temporary intravascular filter placed 
in the distal internal carotid artery during ablation 
or an intervention to capture thrombus is being at-
tempted.59

These filters are miniature baskets placed over 
a guidewire and when delivered, are located in 
the carotid arteries. When completely expanded, 
the filters aim to capture any downstream debris, 
minimizing the risk of cerebrovascular events. 
Martelo et al59 reported a case of left atrial throm-
bus found during RF ablation by ICE. The throm-
bus was successfully retrieved by withdrawing 
the catheters with suction applied on the sheath 
while protecting the anterior cerebral circulation 
with a temporary carotid artery filter.59 The au-
thors (SJA) now routinely deploy vascular pro-
tection devices into the carotid arteries when left 
atrial thrombus has been identified and further 
catheter manipulation either to withdraw the 
catheters or to retrieve clot is being attempted 
(Figure 3).

Balancing Thromboembolic and Bleeding
Risk

While there are many techniques that have been 
suggested to reduce the risk of thromboembolism 

Figure 7:  Lateral fluoroscopic image showing carotid angiography and deployment of a temporary vascular protection device 
(arrow)
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during AF ablation, the most effective while si-
multaneously being associated with acceptable 
bleeding risk is not known. In our practice, once 
vascular access is obtained, high intensity antico-
agulation with heparin administered both intra-
venously and as the flush through the transsep-
tal sheaths is utilized. Intracardiac ultrasound is 
used to guide transseptal access and define cath-
eter contact to avoid undue pressure and possible 
perforation. Open irrigation catheter use or moni-
toring impedance and microbubble formation 
when ablating with non-irrigated catheters are 
utilized to decrease electrode-related coagulum 
formation. Close attention to the technique for 
vascular access, use of ultrasound to identify the 
femoral arteries and veins, and the use of closure 
devices for arteries when larger French arterial 
sheaths are deployed help minimize bleeding. 
Other centers have preferred continuing oral an-
ticoagulation or some combination of the above 
mentioned approaches.

Conclusion

There is an inherent conundrum in left atrial or 
ventricular ablation procedures where there is 
a simultaneous risk of thromboembolism along 
with the excess risk of bleeding as a result of an-
ticoagulation meant to mitigate against thrombo-
embolism. The judicious use and timing of anti-
coagulation along with careful vascular access 
technique and the use of intracardiac ultrasound
may allow the best and safest results to be ob-
tained.
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Introduction

Atrial fibrillation (AF) is the most common cardiac 
arrhythmia causing considerable and increasing 
morbidity and mortality burdens on the popula-
tion. Identification of electrical triggers from the 
pulmonary veins (PV) inducing paroxysmal AF 
led to potentially curative treatment strategies by 
radiofrequency (RF) ablation.1 Since this condition 
has become amenable to ablative therapy there is a 
constant rise in the number of catheter ablations for 
AF performed worldwide.2 As our understanding 
of the complex pathophysiology of this arrhyth-
mia increases, the advantages of circular linear 
lesions to completely isolate the PVs from the left 
atrium (LA) have become obvious.3,4 Inclusion of 
the LA-PV junction into the isolated regions serves 
the double purpose of eliminating arrhythmogen-

ic substrate as well as adding a safety margin to 
the lesions, decreasing the incidence of postab-
lation PV stenosis, currently reported at 2-7 %.5 
However, to create these long ablation lines with 
point-to-point lesions using catheters originally 
designed for focal or comparatively short linear 
ablations, such as at the cavotricuspid isthmus, 
is technically demanding and time consuming. 
Thus, considerable effort is put into the develop-
ment of balloon-based techniques for PV isola-
tion using a variety of energy sources to simplify 
PV isolation and add safety by decreasing the 
incidence of PV stenosis. In this review, we will 
summarize to what extent the aforementioned 
goals are met with current-design balloons. As 
clinical experience is most extensive with the use 
of cryoenergy, focus will be on cryoballoon abla-
tion.
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Abstract
 
Paroxysmal atrial fibrillation can be eliminated with continuous circular linear lesions around the pul-
monary veins using radiofrequency ablation. Due to the technical complexity of this procedure balloon-
based devices have been developed to simplify pulmonary vein isolation. Cryoballoon ablation provides 
excellent safety and is technically less demanding when compared to radiofrequency catheter ablation 
in selected patients. In this review, advantages as well as drawbacks of this emerging technology in rela-
tion to standard catheter ablation are discussed.



Cryothermal Lesions 

Tissue injury by freezing occurs due to direct cel-
lular damage as well as microcirculatory failure 
shortly after tissue thawing. The prime mecha-
nism of cell death is formation of intracellular ice 
crystals at rapid freezing rates of about 100˚C/
min., which occurs only close to the cryocatheter, 
highlighting the need for good tissue contact. De-
layed cellular death occurs for several days after 
freezing by apoptosis.6 Duration of freezing af-
fects tissue damage particularly at some distance 
to the cryothermal source where growing of ice 
crystals is slower. Repeated freeze-thaw cycles 
have been shown to increase tissue destruction 
in experimental studies.7 Lesions created by cryo-
thermal energy differ in several respects from 
those created by conventional radiofrequency 
(RF) ablation. Cryolesions show intact endothelial 
lining8 and hence are associated with less throm-
bus formation as compared to RF lesions.9 Conse-
quently, the likelihood of thromboembolic events 
is less with cryothermal tissue injury.10 While RF 
lesions show progressive contraction, cryolesions 
are associated with minimal collagen formation 
and tissue shrinkage.11 This is a clear advantage 
in the face of PV stenosis as a major complication 
reported after RF ablation.5 Accordingly, no PV 

stenosis has been observed in experimental ani-
mal and human clinical studies when using cryo-
thermal energy.

Cryoballoon:The Technique

The cryoballoon catheter (Arctic Front©, Cryo-
Cath Technologies, Montreal, Canada) consists 
of a double-walled balloon, where the refrigerant 
N2O is delivered into the inner lumen, undergo-
ing a liquid-to-gas phase change resulting in rapid 
cooling down to approximately -80°C (Figure 1). 
Two balloon sizes are available: 23 and 28 mm di-
ameters. The bidirectionally deflectable catheter 
is equipped with central lumina for the insertion 
of a guide wire and injection of contrast medium. 
After placement of the guide wire into a PV, the 
catheter is advanced over this wire near the PV 
ostium where the balloon is inflated. Once in posi-
tion, a PV angiogram is performed via the distal 
end of the balloon to ensure circumferential tissue 
contact. The catheter is used in conjunction with a 
deflectable 12-French transseptal sheath (FlexCath
©, CryoCath Technologies, Montreal, Canada), 
which contributes to the operators ability to posi-
tion the balloon within the left atrium. Given the 
principals of cryogenic tissue injury, a freezing 
time of 5 minutes is considered sufficient.12 Based 
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Figure 1:  The Arctic Front© Cryoballoon Catheter with the FlexCath© steerable 12F sheath. To the right, the Cryoconsole©
main apparatus is shown (Pictures provided by CryoCath Technologies, Montreal, Canada).



on experimental data, repeated freezing may aug-
ment lesion quality. If this translates into clinical 
benefit is currently under investigation.

Cryoballoon Versus RF Ablation: Advantag-
es

Performing circular linear lesions to isolate ipsi-
lateral pairs of PV ostia from the LA by RF point-
topoint ablation constitutes one of the most com-
plex cardiac catheterization procedures, requiring
considerable operator experience. On the other 
hand, balloon-based catheter ablation systems 
have the potential to isolate the PV with a single 
application (Figure 2). Learning curves exhibit 
rapid improvement.12 The entire procedure can 
be monitored by fluoroscopy, obviating the need 
for additional electro-anatomical mapping or im-
aging by CT or NMR. Thus, use of balloon based 
systems may potentially simplify PV isolation in 
most patients. Concerning cryoballoon ablation, 
however, several technical aspects have to be not-
ed. To achieve continuous lesions, an occlusive 
balloon position at target PV sites as confirmed by
PV angiography is necessary to limit convective 
heating by leaking blood flow8 (Figure 3). This can 
be challenging in individual anatomies especially 
at the right inferior PV, such that additional RF 
“touch-up” lesions may be necessary to isolate the 
vein. However, in our experience the vast major-
ity of veins can be acutely isolated with only the 
big (28 mm) balloon if special ablation techniques 

Journal of Atrial Fibrillation                                                                     Featured Review

 www.jafib.com                                                     43                                Feb-Mar, 2009 | Vol 1| Issue 5               

are used.13 This strategy (“single big balloon tech-
nique”) also adds safety to the procedure because 
a high balloon-to-ostium diameter ratio restricts 
the level of isolation to the LA-PV junction. Con-
ventional RF ablation of AF is associated with sig-
nificant risk. In a worldwide survey representing 
more than 7000 patients major complications were 
reported at 6%, including a 1.6% risk for PV ste-
nosis, as well as a 0.9% risk for cerebrovascular 
events.2 Given the favorable properties of cryo-
thermal lesions the latter complications should be 
decreased using cryoballoon ablation. Indeed, no 
evidence of PV stenosis or cerebral ischemia has 
thus far been reported with this technique.12,14 Al-
though these data need to be confirmed in larger 
trials, initial clinical experience indicates a very 
low risk using cryoballoon ablation in selected pa-
tients.

Cryoballoon Versus RF Ablation: Disadvan-
tages

Phrenic nerve (PN) injury (Figure 4), however, oc-
curred with increased frequency in cryoballoon- 
based as compared to conventional ablation of AF, 
though it seems to be reversible in the majority of 
cases.12 This complication may happen regardless 
of the energy source used12,15-17 as a consequence 
of the close anatomic relationship between the 
course of the right PN and the right superior PV.18 
PN injury can be avoided by mapping of the right 
PN with highoutput pacing in the superior caval 

Figure 2:  Right superior PV (RSPV) recordings before (A) and after (B) cryoballoon ablation. PV isolation is demonstrated
by the lack of a PV spike (asterisk) after cryothermal energy deployment
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vein before and continuous pacing during abla-
tion of rightsided PVs (Figure 3). In case of loss of 
PN capture cryoablation is immediately stopped. 
Furthermore, as the likelihood of PN damage 
increases with more distal balloon positions be-
yond the PV ostium caution should be observed 
in choosing the adequate balloon dimension or se-
lecting patients eligible for balloon PV isolation. 
Thus, in patients with right-sided PV diameters 
of ≥26 mm a conventional strategy should be con-
sidered.13 In the future, a larger (>28mm) cryobal-
loon diameter may become available to avoid dis-
tal balloon ablation at large septal PVs. Another 
anatomical obstacle to balloon PV isolation is a 
long common left-sided trunk reported in 7% of 
patients in one series.19 Again, this would lead to 
ablation in the vein rather than at the LA-PV junc-
tion. Reports on chronic success after cryoballoon 
PV isolation vary due to different follow-up meth-
ods.12,20 In our cohort, we observed a 52% success 
rate free of AF after a mean follow up of 312+/-
190 days without a blanking period.13 In contrast, 
circumferential PV isolation using RF energy in 
patients with paroxysmal AF is associated with 

the maintenance of sinus rhythm in 76% after the 
first procedure.3 Thus, recurrence rates seem to be 
higher with cryoballoon PV isolation compared 
to the conventional approach. If this difference is 
related to cryoenergy or balloon-based techniques 
per se, or due to different follow-up methods such 
as exclusion of a blanking period is currently not 
known. In those patients of our cohort in whom 
drug-refractory symptomatic recurrence led to 
a repeat procedure, reconduction of at least one 
PV was noted and subsequently eliminated using 
conventional RF catheters.

Conclusion

Cryoballoon-based PV isolation in conjunction 
with the “single big balloon” technique provides 
excellent safety and is technically less demanding
when compared to RF catheter ablation in selected 
patients. Thus, the device constitutes a valuable 
augmentation of the electrophysiologists arma-
mentarium to treat paroxysmal AF. Chronic lesion 
assessment after cryoballoon PV isolation needs to 
be addressed in future studies.

Figure 3:  The cryoballoon in occlusive position at the right superior PV ostium as confirmed by PV angiography (RAO view).
A octapolar catheter is in position to perform phrenic nerve pacing in the superior caval vein (asterisk)
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Catheter ablation has rapidly gained acceptance 
as a mainstay of therapy for many symptomatic 
patients with atrial fibrillation since the original 
publication by the Bordeaux group.1 Early on it 
became apparent that in most patients with par-
oxysmal AF, the arrhythmia was initiated by focal 
firing in the pulmonary veins. Ablation focused on 
elimination of such triggers and was largely lim-
ited to patients who would stay in sinus rhythm 
long enough to allow successful mapping within 
the pulmonary veins. As this was time consum-
ing and was associated with high risk of develop-
ing pulmonary vein stenosis, ablation lesions were 
moved further and further away from the sources 
of focal firing with co-development of Circumfer-
ential Pulmonary Vein Ablation (CPVA)2 aiming 
to encompass pulmonary vein ostia with circular 
lesions without verification of conduction block 
and Segmental Pulmonary Vein Isolation3 evolv-
ing into Pulmonary Vein Antrum Isolation4 with 
the targeted area similar to that in CPVA but with 
requisite documentation of entry and / or exit block 
of conduction. While successful in the majority 
of patients with paroxysmal AF, these approach-

es were lacking in patients with persistent and 
permanent AF. A concurrent approach address-
ing the fibrillatory substrate was developed and 
proved to be a successful standalone alternative 
to lesions encircling the pulmonary veins at one 
center.5 This approach had the advantage of bet-
ter tailoring the lesion set to the individual patient 
and potentially limiting energy delivery and asso-
ciated risks. Addressing fibrillatory conduction as 
an adjunct to ablating triggers had since become 
incorporated into the lesion set targeting persis-
tent and permanent atrial fibrillation in a stepwise 
approach popularized by the Bordeaux group.6 At 
the same time better tools have enabled clinicians 
to probe deeper into the complex interaction of 
the mechanisms initiating and maintaining atrial 
fibrillation. So in experimental models of atrial fi-
brillation “drivers” or areas of microreentry were 
seen surrounded by areas of fibrillatory conduc-
tion.7-9 Research has pointed to the possibility of 
the “drivers” or “triggers” to be in close proximity 
to areas of atrial myocardium innervated by auto-
nomic ganglionated plexi with areas of fibrillatory 
conduction 1-2 cm remote from these.10 Relation-
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ship between areas of high dominant frequency 
and atrial tachyarrhythmias that follow AF abla-
tion has been demonstrated11 suggesting that such 
arrhythmias may actually drive AF prior to de-
fragmentation.

In their paper published last month,12 Drs Stiles 
and Brooks describe high-density bi-atrial map-
ping during atrial fibrillation prior to ablation to 
identify areas of presumed drivers and fibrillatory
conduction. The investigators collected around 
500 points in each of the 20 patients during atrial 
fibrillation using a PentaRay (Biosense Webster, 
Diamond Bar, CA, USA) catheter and NavX soft-
ware (St. Jude Medical, St. Paul, MN, USA). Each 
point was screened manually to eliminate points 
with unacceptable signal-to-noise ratio. Eight 
second recordings were used. Points were strati-
fied into one of 4 right atrial or 8 left atrial areas. 
The authors then processed the collected signals 
to arrive at three-dimensional maps of dominant 
frequencies (DF) and complex fractionated atrial 
electrograms (CFAE). CFAE were mapped using 
integral “CFE-mean” included as part of the NavX
distribution with a refractory period set at 30ms, 
peak-to-peak sensitivity set to 0.1 mV and signal 
duration set at 10 ms. Points with a CFE-mean 
value of 40 – 250 ms were included in the analysis.
DF analysis occurred offline using Coperniqs soft-
ware (Medicalgorithmics, Austin, TX, USA) which 
allowed the investigators to analyze only those 
points exhibiting high degree of signal regularity.
They confirmed prior findings of frequency gradi-
ents between the left and the right atria and found 
that signal frequency was higher in patients with 
persistent AF. Median CFE-mean and median DF 
correlated with AF cycle length. Clusters of points 
with the shortest CFE-mean and highest DF were 
spatially compared. Patients with paroxysmal AF 
had higher DF around the pulmonary veins, left 
atrial appendage and the roof, whereas those with 
persistent AF had a more uniform distribution of 
DF throughout the left atrium. Areas of highest 
fractionation clustered around the left atrial roof, 
posterior, inferior and anterior walls and the sep-
tum in all patients. Median distance between DF 
and CFAE clusters was 5 mm with 80% of DF clus-
ters within 10 mm of CFAE clusters.

This is an important contribution to the literature 
on the mechanisms of atrial fibrillation highlight-

ing frequency distribution differences between 
paroxysmal and chronic AF, where patients with 
persistent AF have a more uniform distribution of
the areas with high DF and faster global AF cycle 
lengths. These differences may be responsible for 
the difference in ablation success rates between AF 
subtypes. The investigators demonstrated a close 
spatial relationship between areas of high DF and 
surrounding areas of high fractionation, suggest-
ing that the two are indeed related and as was 
seen in experimental optical mapping studies, fi-
brillatory activity represented by CFAE surrounds 
more organized “drivers” with high DF. Such lo-
cal frequency gradients were further supported by 
limited activation mapping. No conclusions could 
be drawn on whether or not ablation of the high 
DF sites could help improve outcomes since DF 
analysis occurred offline and DF mapping was not 
used to guide ablation. There is emerging evidence 
that ablation guided using DF13 or CFAE14 map-
ping may result in higher success rates, but the 
question of whether CFAE or DF is a more impor-
tant ablation target remains to be answered. While 
development of tools which will allow rapid high 
density activation mapping to better delineate the 
relationship between DF and CFAE and hopefully 
fine-tune the ablation strategy is ongoing, ablation 
targeting anatomical substrate of the pulmonary 
veins with tailored adjunctive defragmentation 
will likely remain at the core of invasive treatment 
for AF.
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The past decade has witnessed a dramatic shift in 
our approach to the management of atrial fibrilla-
tion (AF).1 This can largely be attributed to the ad-
vent of catheter ablation therapy which has proven 
to be significantly more efficacious in achieving 
arrhythmia control than antiarrhythmic drugs.2-4 
However, despite these developments, there is 
paucity of data on the natural history of this ar-
rhythmia and studies that have been conducted so 
far to evaluate this aspect of AF behavior, are most-
ly retrospective.5-7 Thus, there is a growing need  to 
assess AF progression on a prospective basis.

In response to this emerging need, Pappone et al 
report on the natural history of arrhythmia pro-
gression in a heterogeneous population of patients 
presenting with the first episode of AF that were 
prospectively followed for 5 years.8 Although this 
was an observational study, the prospective design
ensured exclusion of subjects where AF was attrib-
utable to a reversible etiology. Thus over a 6 month
period, 402 patients were screened of which, 
106 were selected for participation. For the next 
5-years, enrolled subjects were followed by mul-
tiple clinic visits, holter monitors and transthoracic 
echocardiograms (at 1, 3, 6 months and then annu-
ally) as well as trans-telephonic monitors which 
the patients were required to transmit from 5 days 

a week for the study duration. Additionally, all 
patients underwent transesophageal echocardio-
gram (TEE) at baseline and these were repeated 
annually in the subgroup of patients who had co-
morbidities.

The initial AF episode was not treated in any con-
sistent way. However, for subsequent recurrences,
antiarrhythmic drug (AAD) therapy was initi-
ated with class IC and / or class III agents. Pa-
tients that failed and / or were intolerant to AADs 
were offered catheter ablation. The primary study 
end-point was assessment of long-term AF pro-
gression. Thus over the 5-year follow-up period, 
almost half the patients (n=50) maintained sinus 
rhythm without any intervention. In the remain-
ing 56 subjects that experienced AF recurrence, 
11 patients were treated with catheter ablation 
and the rest (45 subjects) with AADs. In the latter 
group, AF remained paroxysmal in 21 and became
persistent in 24 (16 of these progressed to a perma-
nent stage). Patients demonstrating AF recurrence
and / or AF progression were older and had more 
co-morbidities especially diabetes and heart fail-
ure. Other interesting observations included 19% 
incidence of silent AF and occurrence of cardio-
vascular / cerebrovascular events exclusively in 
patients with more established forms of AF.
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This is an interesting study which provides us 
insight on the natural history of AF progression. 
However, there are some limitations both in the 
study design and the reported outcomes. Over a 
6-month period, 402 eligible subjects (presenting 
with 1st episode of paroxysmal AF with no prior 
history of the arrhythmia) were identified from a 
single hospital. This is an inordinately high num-
ber which may reflect unique referral patterns to a
tertiary center that is well recognized for its exper-
tise in the management of AF. This raises the issue
of whether these data can be “generalized”. Per-
haps the prospective study design and pre-spec-
ified inclusion criteria help mitigate this concern. 
The follow-up schedule for patients participating 
in the study was quite intense: 5 days per week of
3-minute TTMs for the entire study duration as 
well as frequent (n=7) TTE, clinic visits and holt 
ers and all patients with co-morbidities (roughly 
50% of the cohort) underwent annual TEEs. This 
latter requirement seems rather aggressive and 
without precedence. However, despite this ardu-
ous schedule, patient follow-up was 100% which 
makes results of the study compelling. The out-
come data reveals dichotomous AF progression. 
Approximately half the patients presenting with 
the first episode of AF did not experience future 
arrhythmia recurrences whereas in the remainder,
AF recurrences were common despite AADs. In 
the latter group, half the patients progressed to 
more established forms of AF within 2 years with 
the majority (67%) eventually developing per-
manent AF. Such dichotomous nature of AF pro-
gression as observed in this study seems unique 
and inconsistent with prior reports.5-7,9 There are 
several possible explanations for the discrepancy: 
prior studies were largely retrospective with vari-
able patient follow-up, current study design may 
have overestimated certain AF categories, 5-year 
prospective follow-up while long may still be in-
sufficient to truly gauge the natural history of AF 
in a heterogeneous population, etc.

A major criticism of the current study is that the 
category of permanent AF as defined by the in-
vestigators may have included patients consid-
ered “long persistent” as per the most recent HRS/
EHRA/ECAS consensus statement.10,11 However, 
even if we reclassify the groups, the observation 
that 20% of patients experiencing AF for the first 
time will progress to a persistent state within 5 

years, despite AADs is sobering. In this context, 
the authors’ observation of no AF recurrence / pro-
gression in subjects who underwent AF ablation is 
reassuring.

However, one has to be appropriately cautious in 
interpreting these data because of the very small 
numbers (only 11 patients underwent AF ablation) 
and lack of randomization. Nevertheless these ob-
servations are consistent with the results of recent
prospective randomized multi-center studies that
compared catheter ablation with AADs and found
the latter significantly less useful in restoring / 
maintaining sinus rhythm long-term.2-4 Another 
interesting observation in the current study is the 
high occurrence (39%) of side effects in patients 
treated with AADs. This seems excessive and in-
consistent with observations of prior studies.9,12 

Since the investigators of the current study do not 
describe the criteria used for adverse event charac-
terization, it can be speculated that they may have 
overestimated the problem. These investigators 
also found association between AF progression 
and the presence of co-morbidities. However, it is 
interesting to note that in patients demonstrating 
AF progression, the co-morbidities remained rela-
tively stable over the study duration. Thus it is dif-
ficult to elicit a direct “cause and effect” relation-
ship. One way to sort this out may be perhaps in 
a future trial to control for different co-morbidities 
by aggressive treatment while monitoring AF pro-
gression. However, such an exercise can be time 
consuming and could potentially be viewed as un-
ethical if done in a prospective manner.

So for now we have to remain content with the im-
portant information that has been revealed in this 
painstakingly conducted study which offers new 
insight in the natural history of AF progression. 
As shown in this study, AF progression can be 
dichotomous, may be predicated by the presence 
of co-morbidities and can be arrested by catheter 
ablation. This latter observation is consistent with 
data from prior studies and supports utilizing a 
more aggressive strategy in the initial manage-
ment of this arrhythmia.
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What started off as a small, cozy meeting of electro-
physiologists thinking about atrial fibrillation (AF) 
evolved into a major annual program that draws 
more audience every year? Thanks to the vision of 
Dr. Jeremy Ruskin (Massachusetts General Hospi-
tal, Boston) who started this program and contin-
ues to direct it very effectively to this day. Over the 
last few years, industry has used this as a good plat-
form to showcase some of their latest technology in 
AF therapy. Several products ranging from radia-
tion protection devices to most advanced mapping 
and ablation systems have been displayed at the 
Boston World Trade Center.

Sachin Vadodaria, Director , Marketing for St. Jude 
Medical was very excited about their new AF tech-
nologies. Their latest additions included – BRK-
XS® Transseptal puncture needle that has a prima-
ry bevel at a more acute angle (30 degrees ) and two 
back bevels that combine to form a distinct point on 
the tip of the needle. This is an improvement from 
their prior version and was found to have signifi-
cant reduction in force needed to cross the interatri-
al septum in in-vitro studies. This is currently FDA 
approved and may be a good option for septa that 
are tough and scarred. Steerable transseptal sheath 
called the Agilis NxT ® has 52 mm distal curve that 
could help the ablation or mapping catheters reach 

difficult areas of the left atrium. Clinical studies 
using the prior version of the Agilis sheath was 
found to be safe and efficacious than the conven-
tional fixed curve (Mullins) transseptal sheaths.1 

Effective left atrial navigation especially for op-
erators early on their learning curve could be 
difficult and this sheath may facilitate that. This 
sheath could definitely find some use in severely 
enlarged and rotated hearts with difficult to reach 
pulmonary veins to ensure better catheter stabil-
ity. The additional operational benefit compared 
to the additional costs over a fixed curve sheath 
for routine use is yet to be tested. St. Jude also in-
troduced a new high density multi ringed spiral 
mapping catheter called Reflexion HD®. This is 
a unique20 pole catheter on the same platform as 
their Reflexion spiral circular mapping catheter 
with bidirectional curve but fixed diameter. Clini-
cal utility may come in for high density left atrial 
mapping. This catheter could be used like a tradi-
tional circular mapping catheter to guide pulmo-
nary vein isolation and specifically for complex 
fractionated electrogram mapping. It may help 
improve the speed and accuracy of left atrial maps 
considerably. H Curve – TV is their new H-curve 
catheter with improved flexibility and adjustable 
tricuspid valve diameter that works like a Halo 
catheter for right atrial ablations (cavotricuspid 
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isthmus). There was a few other interesting tech-
nologies related t o3D mapping that is pipeline 
pending FDA approval. Ensile Velocity® is one 
such system with better processor speed and im-
proved efficacy. This carries the version 9.0 of the 
Ensite NavX software with the attached bells and 
whistles.

Bard Electrophysiology displayed the new 5 mm 
tip Scorpion 2® (4 pole2-5-2 mm separation) abla-
tion catheter. The unique feature of this catheter is
a bidirectional tip with proximal and distal curve 
control on a single handle with a curve control lock. 
This feature of the catheter tip could potentially 
help better tissue contact with parallel contact to 
tissue. In some of the cavotricuspid isthmuses, ad-
equate tissue contact could be a challenge and this
catheter could help stability. In the era of open ir-
rigated catheters, the role for this catheter is yet 
to be tested. Efficacy data for this catheter system 
compared to the currently available 4mm, 8mm 
non irrigated and open irrigated catheters is not 
available.

Lechnologies Research Inc. showcased their new 
AfibAlert®external heart rhythm monitor mar-
keted to target AF patients. It seems to work on 
similar platform like most of the existing external

monitoring systems with two wrist EKG patches 
and the finger insert for pulse check. It has six 
memory slots in its cascading memory system that
has the capability of storing one baseline EKG and
five recordings with new data replaces the old. 
Life Watch Inc had recently released its ambula-
tory cardiac telemonitor (ACT III) for AF moni-
toring with extended memory, greater portability 
along with their online AF monitoring program. 
Mednet, Cardio Labs and Cardionet are some of 
the other companies that have similar technolo-
gies. To add to the existing list of monitoring re-
lated companies, Cardiostaff Corp from Austin, 
TX brings in their mini digital recorder and 30 day 
event recorder.

The much awaited magnetic irrigated catheter 
from Stereotaxis Inc may finally come to the Unit-
ed States in a few months. Initial clinical experi-
ence of this magnetic guided open irrigated cath-
eter in complex left atrial ablations was found to 
have comparable short term and long term success 
rates. The earlier attempts of release in the United
States were marred by technical problems and the
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concerns regarding char formation at the catheter 
tip. Currently Biosense Webster manufactures ex-
clusively all the catheters that are compatible with
magnetic navigation system. There are other man-
ufacturers who are attempting to work on some 
of these navigation catheters. They also featured 
their Odyssey® compact but comprehensive mon-
itor that brings EP recording/monitor, 3D map, 
intracardiac echo and magnetic navigation to one 
large screen. This is very user friendly and reduces
the desk space in the control room significantly.

Lemer Pax Innovative is a France based compa-
ny that makes a radiation protection cabin called 
CATHPAX®. They released their second iteration 
recently. This is the first alternative to the tradi-
tional lead apron/skirt/vest that has been around 
for several decades. This designed in the shape of 
a vertical cabin with two holes for the operator’s 
hands at adjustable height. The whole frame is 
mounted on wheels and can be moved around. A 
study from Hein Heidubuchel from Lueven, Bel-
gium2 clearly shows greater reductions in expo-
sure to head, legs and forearms that typically are 
not protected by the conventional lead gear. There
is no definite data on ergonomic aspects of opera-
tor performance. This is definitely worth looking 
into for high volume operators of prolonged pro-
cedures like AF ablation. Kinesiologic impact on 
the operators is worth studying. Phillips Medical 

has marketing rights to this system in the United 
States.

Catheter technology seems to attract companies 
that have traditionally been in device business. 
The latest additions are Biotronik and Medtronic. 
Biotronik has recently release their Alcath Flux 
Gold®, Trignum® and Lexx® catheters in Europe
and are working on feasibility and non-inferiority
studies pending FDA approval in the United 
States. Medtronic acquired Ablation Frontiers, 
a niche catheter company that makes multisite 
ablation catheters. Traditionally, RF could be de-
livered through a single tip limiting the speed 
of applications in procedures that required ex-
tensive ablation. This shortcoming of the tradi-
tional catheters was attempted to overcome by 
new technologies that can burn simultaneously 
from multiple electrodes. Ablation Frontiers pio-
neered that new technology releasing catheters of 
various shapes with strategically located ablation 
electrodes. The most popular one was a catheter 
on a circular platform with adjustable diameter 
for PV isolation. The feasibility study results are 
encouraging. Medtronic also acquired Cryo Cath 
Inc, a Canadian company that specializes in cryo 
ablation. Interestingly, Medtronic had stayed 
away from catheter technologies for several years 
despite their early interest (Mariner catheter & 
Localisa mapping system) while its competitor 
St. Jude Medical Inc. continued its efforts to con-
solidate its position in the catheter business.

Biosense Webster Inc., has been in catheter busi-
ness for more than a decade. They have tradition-
ally done well through their CARTO 3D mapping 
system and non irrigated and open irrigated cath-
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eter. Their Thermocool® open irrigated catheter 
was a major success and had recently received an 
approval for use in AF ablations by FDA. CARTO 
Sound integrates intracardiac echo with 3D map-
ping. CARTO-3 is their latest system with multi 
catheter visualization capability. Hansen Medi-
cal showed their new Sensei robotic navigation 
system. They gained a significant market share in 
the United States on the robotic front. Yet another 
robotic navigation system that operates on much 
smaller budgets has showcased their system. No 
major details are available at this point in time. 
Cardiofocus has brought out their new laser bal-
loon with changes made to the catheter platform 
and better visibility. To remind the readers, Car-
diofocus had prematurely terminated their initial 
study using the earlier version of their balloon 
catheter due to complications from cardiac perfo-
ration. Steve Sagon, the CEO of Cardiofocus dis-
cussed with JAFIB about starting a new feasibil-

ity trial in the United States very soon and is trying 
to recruit some prestigious institutions to do the 
trial. Catheter Robotics Inc. has developed a new 
robotic catheter system with remote navigation ca-
pabilities. This is in its very early stages of develop-
ment and no major clinical data is available.

Disclaimer : This is a pure technical review of the 
products and JAFIB does not endorse any of these 
products.
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